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HE following is an account of a research which was pursued at 
the Marine Laboratory of the Carnegie Institution at Tortugas, 
Florida. 

An interesting jellyfish, Cassiopea xamachana, lives upon the 
muddy bottoms of the lagoons of coral islands in the Florida and 
West Indian regions. Here the stilted roots of dense green mangroves 
fringe many a lagoon whose half stagnant waters have never felt the 
surge of ocean waves. Looking down through the clear depths 
one sees the bottom almost carpeted with the Cassiopea meduse. 
Over wide areas they lie with their disks nearly touching and their 
bell-rims languidly pulsating. At a’ glance one might mistake them 
for sea-weeds, deceived as one would be by their delicate blue-green and 
gray-blue color, and by the tree-like shape of the branching appendages 
which bear the mouths of the medusa, and which project upward and 
outward hiding the pulsating disk below them. 


At regular intervals around the rim of the jellyfish we find about 
sixteen minute club-shaped organs, each set within a deep niche. The 
microscope serves to show us that each of these little clubs contains at 
its outer end a mass of crystals, and upon one side a simple cup-like 
eye. Even in meduse six inches in diameter these sense-clubs are 
smaller than the heads of the smallest pins; mere specks barely discern- 
ible to the eye, yet if they be cut off we find that the medusa ceases 
to pulsate, while the cut-off portion of the rim still contracts rhyth- 
mically. It is thus evident that the stimulus which produces each 
and every pulsation arises in the sense-clubs. 
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The question is, why is it that the central disk of the medusa does 
not pulsate in sea-water when its sense-clubs are removed ? Curiously 
enough, if we stimulate the disk in any manner, such as by a mechanical 
or electrical shock, or by touching it with a crystal of common salt, 
it gives a few vigorous pulsations and then lapses into quiescence. 

But if we cut out the center of the medusa and also remove the 
rim, thus forming a ring tissue without sense-organs (Fig. 2), this 








Fic. 1. Living Mepus#® or Cassiopea ramachana ON A Sanvdy Borrom. The 
large medusa in the middle is in the natural attitude with its mouth-arms uppermost. 
The smaller meduse have been turned over in order to show their pulsating disks. 


ring remains quiescent in sea-water unless we stimulate it at any point 
such as at S with a single momentary touch of a crystal of potassium, 
or in some other manner, when a contraction-wave starts out from the 
point touched. In a narrow ring, however, the waves can go only in 
opposite directions from the stimulated point. Now one of these waves. 
is apt to be strong and the other weak; for the nervous network which 
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A B C 


Fic. 2. SHOWING HOW A PULSATION-WAVE MAY BE “ENTRAPPED”™ IN A 
CrrcvuIT OF TISSUE. 


transmits them is almost certain to be more complete on one side than 
on the other of any stimulated point. Of course the waves meet as in 
Fig. 2, B, and then the strong wave destroys the weak one and con- 
tinues around the ring. There is then only one wave left in the cir- 
cuit and this travels constantly around (Fig. 2, C) for hours or days 
until something stops it, such ‘as the cutting of the circuit or a fresh 
stimulus which produces a wave that meets and destroys it. 


The weak wave was destroyed by the strong one in the above experi- 
ment because a weak stimulus can not set tissue into pulsation, which 
has been caused to pulsate through a strong stimulus, until after an 
appreciable interval of rest. Thus a weak stimulus following tm- 
mediately after a strong one will produce no contraction, whereas a 
strong stimulus may cause tissue to pulsate even immediately after it 
has responded to a weak one. 

It is now evident that the disk without its sense-organs can pulsate 
in sea-water if only a wave be once started in it, but that under normal 
conditions there is nothing to start a wave, and thus the disk remains 
quiescent. In other words, the sea-water is indifferent, and neither 
stimulates nor inhibits pulsation. 

It is now time for us to determine why it is that the sea-water does 
not stimulate the disk when its sense-organs are removed. In the first 
place we must know the composition of sea-water, and chemical analysis 
shows that it consists of a mixture of sodium chloride (common salt). 
magnesium chloride and sulphate, potassium chloride, and calcium 
chloride and sulphate. 

Numerous experiments show us that the common salt is a strong 
stimulant to both nerves and muscles. On the other hand, magnesium, 
calcium and potassium, all inhibit and do not stimulate the disk. 
Indeed, the stimulating effect of the common salt in the sea-water is 
exactly offset by the subduing tendency of the magnesium, calcium and 
potassium ; and thus it is that the sea-water as a whole neither stimu- 
lates nor inhibits the pulsation of the jellyfish. The sea-water main- 
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tains the medusa in a delicately balanced fluid for it contains poisons 
and antidotes as does our blood, which exactly counteract one the other, 
For example, the jellyfish dies in less than two hours if placed in a 
solution having the amounts and proportions of the common salt and 
the potassium of the sea-water, but if we simply add the calcium it 
pulsates very rapidly for more than twenty-four hours. Finally, how- 
ever, the calcium produces so strong a muscular tetanus that the 
pulsating tissue is torn literally to shreds; but all of these injurious 
effects disappear when we add the magnesium, which causes the pulsa- 
tion to become much slower and more regular, and wholly prevents 
the calcium from producting tetanus. Another curious fact is that 
were it not for the presence of the calcium the magnesium would so 
stupefy the nervous and muscular tissue that no pulsation could arise. 
This is the more remarkable because magnesium and calcium are both 
inhibitors of pulsation, yet when both are present they tend in a 
measure to offset each other, magnesium mainly inhibits the muscles, 
while calcium stupefies the nerves. 

But to return to our subject, let us carry out some experiments to 
discover the nature of the stimulus which produces each pulsation of 
the jellyfish. If we cut a ring from the medusa’s disk such as is shown 

in Fig. 3 and leaves a long narrow 

strip AB attached to it, and then 

start a  contraction-wave traveling 
sp around the ring; every time the wave 
passes the point A a side-tracked por- 
tion of the wave will pass along the 
strip from A to B. When each side- 
tracked wave comes to the end B it 
dies out, for it can not return over the recently stimulated tissue 
along which it has just passed. Thus we see that the index strip 
AB simply serves to catch a portion of each wave which passes its 
base. 
Now suppose we place the ring in a pure solution of magnesium 











Fic. 3. A PULSATING RING WITH AN 
“ INDEX-STRIP.”’ 


chloride, and allow the index strip AB to remain in natural sea-water. 
Then the contraction-wave gradually dies out in the pulsating ring, for 
the magnesium paralyzes the muscles; and at the end of about a 
quarter of an hour all movement will have ceased in the ring, but long 
after this we find that the strip AB still continues to transmit con- 
tractions at regular intervals of time. We see then that whenever the 
something which produced the contraction in the ring comes around 
to the point A it is still capable of setting up a contraction in the 
strip AB, although it can not now cause the muscles of the ring itself 
to pulsate. 

The explanation is that the stimulus which produces pulsation is 
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nervous in nature, and travels through the nervous tissue quite inde- 
pendent of the presence or absence of the muscles. When therefore the 
magnesium paralyzes the muscles the nervous stimulus still travels 
around the ring even though the muscles can not now respond to it 
by contraction. 

We now are in a position to state that each pulsation is due to a 
nervous stimulus which originates somehow in the sense-organs. The 
question is, how does it originate? 

In all of the large jellyfishes called Scyphomeduse, the marginal 
sense-organs are little clubs, the axial cores of which always contain 
a terminal mass of crystals. These crystals consist of calcium oxalate 
with a slight addition of uric acid and urea. The uric elements are 
relatively inert and need not be further considered. The presence of 
calcium oxalate, however, acquires some meaning when we find that 
the sense-organs can not continue to give rise to pulsations unless they 
be constantly supplied with soluble calcium, and all movement ceases 
in a few moments if the jellyfish be placed in sea-water deprived of 
calcium. We see at once that there must be some oxalate which is 
constantly forming in the sense-organs, and which is precipitating the 
soluble calcium chloride and sulphate of the sea-water to form the 
insoluble calcic oxalate crystals of the sense-club. 


The question before us is, what oxalate is being formed in the 
sense-organs? We know that in certain tissues in the bodies of animals 
oxalic acid, and other oxalates, are formed apparently through the 
incomplete oxidation of carbohydrates. Now we find that even so 
small a quantity as one part by weight of oxalic acid in one thousand 
parts of sea-water paralyzes the sense-organs and permanently prevents 
their giving rise to pulsation, although so weak a solution is not sen- 
sibly poisonous to the general tissues of the medusa. Also the oxalates 
of potassium and magnesium finally inhibit pulsation, and it can not 
be that any of these is the cause of pulsation in the sense-organs. 

The key to the mystery seems to be found, however, when we im- 
merse the sense-organs in a solution of from 1 to 5 parts of sodium 
oxalate in 1,000 parts of sea-water; for this immediately stimulates 
them into great activity, whereas it has no effect if applied to any 
part of the medusa other than the sense-organs. 

Now sodium oxalate precipitates the calcium which enters the sense- 
organ from the sea-water to form calcium oxalate, and sets free 
common salt and sodium sulphate; both of which are powerful nervous 
and muscular stimulants. The chemical formula for this reaction is 
as follows: 

Na.C,O, + CaCl, —=2NaCl + CaC.0O,, 
Na.C,0, + CaSO, = Na.SO, + CaC.0O,. 
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Thus the sodium oxalate which forms in the sense-organs is simply 
changed into ordinary table salt, which acts as a stimulus to produce 
pulsation. 

We can prove experimentally that this suffices to explain the phe- 
nomenon of pulsation, for if we simply add from 1 to 5 parts of com- 
mon salt to 1,000 parts of sea-water, we find that this slight excess 
of salt acts as a powerful stimulant to the sense-organs, but produces 
no pulsation if placed upon other parts of the jellyfish. 

It thus appears that each sense-organ normally maintains a certain 
excess of common salt which acts as a stimulus, and which is prevented 
from becoming too concentrated by the fact that being soluble it is 
constantly dissolving out into the surrounding sea-water. 

It may trouble us for a moment to see why a recurrent pulsation 
should arise from a constantly present stimulus, but long ago Romanes 
discovered that a weak constantly present stimulus, such as a faradaic 





current of electricity, will cause rhythmical pulsation, the jellyfish 
responding to it periodically and regularly. 

We see then that the natural stimulant which produces the pulsa- 
tion of the jellyfish is only that most familiar substance common salt! 

The hearts of higher animals behave in a manner so similar to that 
of the pulsating jellyfish that we need not be surprised if it be demon- 
strated that here also a slight excess of sodium chloride gives rise to 
each and every pulsation. 
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A BIOGRAPHICAL HISTORY OF BOTANY AT ST. LOUIS, 
MISSOURT? 


By Dr. PERLEY SPAULDING 


LABORATORY OF FOREST PATHOLOGY, BUREAU OF PLANT INDUSTRY, 
U. S. DEPARTMENT OF AGRICULTURE 


HE history of botany in St. Louis extends back nearly to the be- 
ginning of her political history. The city was founded in 1764, 
and while it is not as old as most of the other large cities of this 
country it seems to have been one of the earliest settlements made in 
the great northwestern region, comprising what was once known as 
Upper Louisiana. Boston, New York and Philadelphia were already 
large cities for that time and were centers of botanical activity. In 
1795 when Michaux visited the Illinois Territory, Cahokia, Kaskaskia 
and St. Louis were the principal places west of Vincennes and as late 
as 1800 St. Louis had a population of less than 1,000. At about this 
time the fur traders changed their headquarters from Cahokia and 
Kaskaskia to St. Louis, causing a corresponding increase in population 
and commercial influence of the latter town. 

The Jesuit missionaries were the first white persons to visit the 
Mississippi Valley and the adjoining country; they undoubtedly ex- 
plored the Missouri Territory, but probably not so extensively as they 
did the Illinois Territory. They were versed to some extent in the 
art of medicine and knew the plants which were generally used for 
medicinal purposes. ‘They learned the uses of plants new to them- 
selves from their Indian wards, and in this way they must have ob- 
tained a considerable knowledge of the plants of the Missouri country. 
How much farther they may have carried their botanical studies is 
unknown to the writer. During the period between the founding of 
St. Louis and the first visit of Michaux to Cahokia there were un- 
doubtedly persons who studied the botany of the St. Louis district. 
Whether they formed any collections of the plants is not now known 
and there seems to be no records of any such study. 

For all practical purposes André Michaux may be said to have 
been the first botanist to work in the vicinity of St. Louis 

Botany has passed through a number of distinct periods at St. 
Louis, as in other places; it can not be said to have had a “ pharma- 
ceutical ” period, as that stage was nearly past in the general historv 
of the science when the city was founded. The medical properties of 
? Published by permission of the Secretary of Agriculture. 
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the plants of the eastern states and of Europe were already well known 
at the close of the eighteenth century. Of course many new western 
plants were discovered, the medical properties of which had to be deter- 
mined; but this was not the main object in making a study of them. 
We find three distinct periods of botanical work which include the 
one hundred and thirteen years that have elapsed since Michaux’s 
visit. ‘These may be designated as follows: First, exploration by botam 
ists on transient visits of a few days’ to a few months’ time; second, 
collecting by persons who lived in or near St. Louis for a number of 
years; third, modern botany as contrasted with the purely systematic 
work of early days. These three periods overlap one another, but can 
still be distinguished without difficulty. The first includes most of 
the work done previously to 1850; the second began with the work of 
Engelmann and his numerous contemporary collector friends, who 
relied upon him for assistance in naming their collections; it may even 
be said to extend until the present time, as considerable work is still 
being done upon the local flora of the district; the third period may 
be said to date from the founding of the Shaw School of Botany, and 
the assumption of control of the Missouri Botanical Garden by the 
board of trustees. 

André Michaux, the great French botanist, who explored so ex- 
tensively the territory of the thirteen original colonies as far west as 
the Mississippi River, is the first botanical worker concerning whom 
published records have yet been found as having worked in the vicinity 
of St. Louis. He is known to have visited Kaskaskia and Cahokia, 
and the evidence seems to indicate that he must have visited the west 
shore of the Mississippi, since a few species are listed in his “ Flora” 
as coming from the Missouri River. 

André Michaux? was born at Satory, near Versailles, France, in 
1746. He was destined by his father for the superintendence of a farm 
of the royal estate, and early became interested in agriculture. Upon 
the death of his young wife, at the birth of their son, Francois André, 
he devoted himself to scientific studies, especially botany. He studied 
botany under Bernard de Jussieu, and sought in foreign lands for 
strange plants. In 1779-81 he traveled in England, the Auvergne, 
the Pyrenees and Spain. In 1782-5 he was in Persia in a political 
{ capacity, but really to explore a country at that time almost unknown 

to scientific men; he intended to return to Persia, but was requested in 
1785, by the French government, to introduce into France such North 





? Hooker, W. J., Amer. Jour. Sci. and Arts, 1st series, 9: 266-269, 1825. 
Gray, Asa, Ditto, 1 ser., 42: 2-9, 1842. 
Coulter, J. L., Bot. Gaz., 8: 181-183, 1883. 
Rusby, H. H., Bull. Torrey Bot. Club, 11: 88-90, 1884. 
Sargent, C. S., “Scientific Papers of Asa Gray,” 2: 23-31, 1889. 
Thwaites, R. G., “ Early Western Travels,” 3: 11-19, 27-104, 1904. 
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American trees as might be of economic importance. In the autumn 
of 1785 he embarked for New York, accompanied by his young son; 
here he spent a year and a half collecting plants and starting a botanical 
garden in Bergen County, New Jersey; he found, however, that the 
southern climate was more suitable for many of his plants, and he ac- 
cordingly removed to Charleston, South Carolina, in 1787, where he 
established another garden, about ten miles from the city. During this 
year he explored the mountains of the Carolinas; the next he journeyed 
through the swamps of Florida, and the next he visited the Bahamas, 
and again searched the mountains for plants of economic importance— 
especially ginseng. In 1792 he collected around New York and in 
New Jersey; thence he went up the Hudson to Albany and along Lake 
Champlain, reaching Montreal June 30, 1792. From Montreal he 
went to Quebec, and thence by way of the Saguenay to Hudson’s Bay. 
He then returned to Philadelphia, where he proposed to the American 
Philosophical Society an exploration of the great western territory, by 
way of the Missouri River. A subscription was begun for the purpose, 
and Thomas Jefferson drafted detailed instructions for the journey. 
Michaux, indeed, is stated to have started west and to have proceeded as 
far as Kentucky when he was overtaken by an order from the French 
government to relinquish the journey for a political mission. This 
mission seems to have had for its object the control of Louisiana by the 
French, through the aid of the trans-Allegheny Americans. In carry- 
ing out this plan Michaux made a journey in 1793 to Kentucky by way 
of the Ohio River, and returned over the “ Wilderness” road, and 
through the valley of Virginia. Early in 1794 he made another ex- 
tensive tour in the southern states and the North Carolina mountains. 
In 1795-6 he made a much longer journey, going from Charleston to 
Tennessee, thence through Kentucky to Vincennes, Indiana, where he 
stayed from August 13 to 23. From here he went to Kaskaskia, and 
from there he visited Cahokia and the vicinity. Upon looking over his 
“Flora Boreali Americana” we find: several species of plants men- 
tioned therein as coming from the Missouri River. It seems quite 
probable then that he must have visited some locality near this river 
during this trip, as this is the only visit to this section of which we 
find any mention in his journal. He mentions St. Louis as being in a 








prosperous condition, but makes no further allusion to it. Except for 
the evidence of these few species as given in his “ Flora,” we should not 
know that he had gone west of the Mississippi River, and this, of course, 


is somewhat uncertain, as it is very possible that some person at Caho- 
kia, who may have been on the Missouri River, had out of curiosity 
picked up some strange plants and happened to bring them to Cahokia 
at the time Michaux was there. He made a short visit here and then 
went to Fort Massac, near the mouth of the Tennessee River, and from 
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there proceeded up the Cumberland River by boat, as far as Clarksville ; 
he then visited Nashville, Knoxville, Louisville, and Morganton, finally 
arriving at Charleston again in April, 1796. During all of this time 
he collected eagerly, and more or less extensively. His journals, how- 
ever, give no indications of the species or the number of them found at 
Cahokia. He seems to have found a considerable number at Kaskaskia, 
at which place he spent most of his time while in Illinois. In his 
“ Flora ” we find mentioned about 100 species as occurring in the Illi- 
nois territory; this, however, at that time included all of the territory 
north of the Ohio which was visited by Michaux. This seems to have 
been his last extensive trip in America; and in August, 1796, he em- 
barked for Amsterdam and was shipwrecked on the coast of Holland. 
He is said to have been nearly drowned himself, and a large part of 
his collections were lost. He remained in France for several years, 
studying his collections and preparing the manuscript for his “ Flora.” 
In 1800 he joined an expedition to Australia, but, becoming disgusted 
with the management, he landed on the Island of Mauritius, but from 
there he soon went to Madagascar; here he established a botanical gar- 
den and began collecting extensively ; but he soon fell victim to the un- 
healthy climate, and died on November 13, 1802. . 

Michaux probably traveled more extensively in North America than 
any other early botanist. He was the author of numberless new species 
and many new genera of American plants. Unfortunately, the genus, 
Michauxia, which commemorates his name, is one discovered by himself 
in Persia; so that his name is not thus associated with North American 
botany, which was so greatly advanced by his studies and explorations. 

Immediately following the exposition held at St. Louis in commem- 
oration of the purchase of Louisiana from France, there was held 
another exposition upon the Pacific coast to celebrate the centennial of 
the arrival of the Lewis and Clark expedition at the mouth of the Co- 
lumbia River. This expedition was the first to penetrate overland to the 
Pacific coast and the results of its successful termination were of im- 
mense importance to the entire northwestern country. The journals of 
the expedition contain many references to plants seen, and especially to 
those which were peculiar or interesting, or which were used by the 
Indians. 

In the previously mentioned attempt at the exploration of the north- 
west country, Michaux was to accompany the party. In the expedition 
which finally did make the journey there ‘was no person who could be 
called a botanist. Although Captain Lewis was a very keen and ob- 
servant man, he could not overcome his lack of botanical training, and 
the results in this regard were hardly what they would have been had 
Michaux been with the expedition. The journey up the Missouri River 
was made in boats manned with oars and, owing to the rapid current of 
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the river, progress was slow, thus affording opportunity for a consider- 
able amount of collecting to be done. During the ascent of the river 
quite an extensive collection of plants was made, but this had to be left 
behind when the Rocky Mountains were crossed, and was consequently 
lost. During the much more hurried return of the expedition another 
collection was made, but it was much smaller than the first, and compar- 
atively few species seem to have been collected about St. Louis. While 
this expedition did but little for St. Louis botany directly, it turned 
the public attention to this section, and finally led to careful botanical 
exploration by a number of capable botanists a few years later. 

Captain Meriwether Lewis* was born near the town of Charlottes- 
ville, Virginia, on August 18, 1774. His family was one of the most 





Fic. 1. CAPTAIN MERIWETHER LEwis; from Analectic Magazine 
and Naval Chronicle, Vol. 7, 1816. . 


distinguished of that state. Several of his uncles were very prominent 
in their time, one of them having married a sister of George Washing- 
* Jefferson, Thomas, “ Biography of Capt. Lewis in Analectic Magazine and 
Naval Chronicle,” 7: 329-333, 1816. 
Allen, Paul, “ History of the Expedition under the Command of Captains 
Lewis and Clark,” ete., 1814, reprint by New Amsterdam Book Company. 

































BOTANY 





AT ST. LOUIS 493 
ton. Meriwether lost his father early in life, and one of his uncles 
acted as his guardian. At the age of thirteen he was sent to the Latin 
school, where he remained until he was eighteen, when he returned 
home to help run the farm. At the age of twenty he entered as a vol- 
unteer a body of militia which was called out by General Washington 
to quell troubles in the western states, and from the militia he entered 
the regular service as a lieutenant. When twenty-three years old he 
was promoted to a captaincy and made paymaster of his regiment. 
He was personally well known to Thomas Jefferson, and when the 
latter proposed that two persons should be sent up the Missouri River, 
across the Rockies and down the Columbia to the Pacific Ocean, he 
eagerly offered to go. A few years later Jefferson, remembering the 
eagerness of Captain Lewis to make the trip, made him leader of the 
expedition, which successfully carried out the plans, and is now known 
as the Lewis and Clark Expedition. Captain Clark was made the leader 
in the absence of Lewis. The expedition started in 1803 and returned 
in 1806. Congress gave both leaders grants of land, and Lewis was 
made governor of the territory of Louisiana, while Clark was made a 
general of militia and agent for Indian affairs. Upon assuming his 
duties as governor, Lewis found many factions and parties, but his 
even-handed justice to all soon established respect for himself, and 
eventually removed animosities. Whiie on a trip to Washington he 
suffered a temporary attack of insanity, and committed suicide on Oc- 
tober 11, 1809. 

Pursh has named a genus of the Portulacacex, Lewisia, in his honor. 

During the early part of the nineteenth century it was much the 
fashion for botanists to collect living plants and cultivate them in 
gardens, these gardens sometimes being quite extensive. Sometimes 
they were but temporary resting places for the plants until they could be 
sent to European countries as novelties to be introduced there because 
of some desirable quality. Angré Michaux had such gardens into 
which he gathered his plants, and when opportunity offered sent them 
to France. Many of our early botanists had their own gardens in which 
they cultivated all of the different plants they could find, and thus be- 
came acquainted with every detail concerning them. The Bartram and 
Marshall gardens near Philadelphia were good examples of these early 
collections of living plants. 

Among many persons sent from Europe to this country for the pur- 
pose of collecting new and rare plants was one John Bradbury,* who 
was commissioned to act as the agent of the Liverpool Botanical So- 

‘Bradbury, John, “ Travels in the Interior of America in the Years 1809, 
1810 and 1811,” 1-346, 1819, 2d edition. 

Short, C. W., Transylvania Jour. of Med., ete., 34: 12-13, 1836. 


Britten, Jas., and Boulger, G. S., “ Biographical Index of British and 
Irish Botanists,” 21, 1893. 
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ciety. Comparatively little seems to be known about Bradbury. He 
was a Scotchman who had lived for a long time in England, when he 
received his commission from the Liverpool Botanical Society in 1809, 
Upon arriving in this country, Bradbury spent several days at the house 
of Thomas Jefferson, so that the latter became acquainted with him and 
his abilities. Jefferson spoke highly of him as a naturalist, and Short, 
a later writer, mentions him as “an English gentleman of very re- 
spectable attainments as a naturalist.” In the light of our present 
knowledge he seems to have fully deserved such an estimation, as he 
discovered a considerable number of new species as well as a new genus 
of plants during his travels in the Missouri country. Indeed, several 
of our more characteristic species bear his name, and in later years he 
was honored by Torrey and Gray, who named a new genus PBradburia, 
in commemoration of his services in exploring our western flora. 

Mr. Bradbury at first intended to make New Orleans his center of 
operations, but following the advice of Jefferson he changed that in- 
tention and came to St. Louis instead. He descended the Ohio River 
by boat, making such observations and collections as he could at the vari- 
ous stopping places, arriving at St. Louis on the last day of the year 1809. 
The entire season of 1810 was spent about St. Louis, making short ex- 
cursions of not more than eighty or one hundred miles distance in 
all directions, and he accumulated a considerable collection of plants 
which were sent to Liverpool the succeeding autumn. No definite data 
can now be obtained as to the number of species contained in these col- 
lections, as Bradbury never published a complete list of them, although 
he did give a list of the rare and more interesting plants in his journal, 
which was published after his return to England. 

Early in the spring of 1811 Bradbury, accompanied by a young and 
zealous botanist named Thomas Nuttall, joined a fur-trading expedi- 
tion, and with them ascended the Missouri River as far as the Mandan 
villages, not far from the site of the present town of Bismarck, North 
Dakota. Upon reaching this point the expedition divided and part of 
it, including Bradbury, returned to St. Louis. The others went on still 
farther, and Nuttall remained with them until their return to St. Louis 
some months later. This voyage was made in a steamer, and progress 
was necessarily slow while going up the river, so that our naturalists 
had ample time and opportunity for collecting. A collection even 
larger than that which had been made around St. Louis is said to have 
been accumulated. 

Before Bradbury had finished his preparations for departure to 
England, the war of 1812 broke out, and he remained for several years 
in this country until the close of hostilities. He finally reached Liver- 
pool in 1815, and found that during his long absence his plants had been 
inspected by Pursh, who was at that time in England preparing the 
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manuscript for his “ Flora Americane Septentrionalis.” Pursh pub- 
lished the most interesting of these plants in an appendix to his work, 
and this seems to have discouraged Bradbury from publishing as ex- 
tensively upon them as he probably would have otherwise done. In 
1817 Bradbury published his journal of travels on the Missouri in the 
years 1809-10-11, and in an appendix to this gave a list of the rare 
and most interesting plants of his collections. He did not, however, 
issue a complete list, and so far as now known no such list has ever 
been published. The second edition of his travels was issued in 1819, 
and in the editor’s preface it is stated that Mr. Bradbury had already 
returned to St. Louis and taken up his residence there. Baldwin, who 
passed through St. Louis in 1819 with the Long expedition, mentions 
meeting Mr. Bradbury there at that time. His name is given in the 
St. Louis city directory for 1821,° but no definite information regard- 
ing him after this date has yet been found. 

During the early part of the nineteenth century it was the policy 
of the national government to send expeditions of a military character 
to explore the unknown sections of the western country. Shortly after 
Bradbury made his tour of the Missouri, an expedition was fitted out 
and placed under the command of Major 8. H. Long. This was in- 
tended to make more complete and detailed exploration of the Missouri 
and its main tributaries, and to make more accurate scientific observa- 
tions of the country passed through. The necessity of having com- 
petent scientific men accompany the expedition was recognized, and 
several such men were appointed for the purpose. 


The botanist of the expedition was Dr. William Baldwin.* He was 
a son of a minister of the Friends in Pennsylvania, being born in New- 
lin, Chester County, in 1779. He studied medicine at the University 
of Pennsylvania and took his degree in 1807. Meanwhile he had be- 
come interested in the study of botany, and upon settling in Wilming- 
ton, Delaware, to commerce practising his profession, he collected ex- 
tensively in the vicinity. Pulmonary weakness forced him to remove to 
Georgia in 1811, where he served as surgeon to a gunboat flotilla during 
the war of 1812. He kept up his collecting and study of the plants 
of this new region, and because of his ability as a botanist he received 
an appointment as surgeon to the U. S. frigate Congress, during a 
cruise to various South American ports. Baldwin made extensive col- 
lections and notes wherever opportunity offered, and he returned with a 

* Learned by the aid of the St. Louis Historical Society. 

* Thwaites, R. G., “ Early Western Travels,” Vol. 14. 

Darlington, William, “ Reliquie Baldwiniane,”’ 1-346, 1842. 


Redfield, John, Bot. Gaz., 8: 233-237, 1883. 
Harshberger, J. W., “ Botanists of Philadelphia,” 119-125, 1899. 
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very considerable amount of valuable material. About this time the 
Long expedition was being organized, and Baldwin was recommended 
to act as botanist for the party. His health was delicate and the ap- 
pointment was accepted in the hopes that it would be improved by the 
journey. 

Baldwin joined the other members of the scientific staff at Pittsburg 
and embarked upon the steamer which was to take the expedition to 
Council Bluffs. This being the early days of steamboating, the one 
used by the expedition gave more than ordinary trouble and caused 














Fig. 2. Dr. WiLt1AM BALDWIN; from Darlingten’s “ Reliquie Baldwiniane.” 


vexatious delays. According to the letters of Baldwin it also leaked 
continually, and this made the interior damp and totally unsuited for 
such a prolonged voyage. Baldwin’s health constantly grew worse, and 
even while descending the Ohio River the party halted to allow him to 
recover from an attack of illness, and he was forced to depend upon the 
others to bring specimens to him on the boat, as he had not sufficient 
strength to walk any considerable distance. St. Louis was finally 


reached on June 9 and a stop of several days was made. The voyage 
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was resumed on the twenty-first, and on July 13 they reached Franklin, 
then the uppermost town of any importance on the Missouri. Here 
Baldwin was left behind at the house of Dr. Lowry, where he remained 
until his death on August 31. During his stay in Franklin Baldwin 
botanized as much as his limited strength would permit, and entries 
were made in his diary as late as August 8, the date of the last entry. 
A list of plants found around Franklin by him during this time attests 
the earnestness with which he pursued his beloved science. The 
journals of the expedition show that he collected about one hundred 
species in the vicinity of St. Louis and on the Missouri to Franklin. 

His companions all unite in praise of his devotion to science and his 
persistence under such extremely trying circumstances. Notwithstand- 
ing his extensive travels and his earnest study of the botany of several 
different sections of this country and of South America, he published 
but little. Two short articles, presented for publication just before 
starting with the expedition, are all that are known to have been pub- 
lished by him. He left numerous manuscripts and notes which have 
aided Torrey and Gray in their work on the flora of America. His her- 
barium was extensive and very valuable, and has contributed much to 
the works of Pursh and Nuttall. Baldwin also contributed to Muhlen- 
berg’s catalogue, and he maintained an active correspondence with many 
of the foremost botanists of his day. Nuttall has honored him by 
naming a genus cf the Composite Baldwiniana, and has thus connected 
him in a most permanent manner with that science to which he so 
earnestly devoted himself. 

The Long expedition proceeded and on September 17 went into 
winter quarters near Council Bluffs. Major Long meanwhile went east, 
and on his return brought with him Dr. Edwin James, who had been 
appointed to take the place of Dr. Baldwin. 

Edwin James’ was born in Weybridge, Vermont, on ees 27, 
1797. Edwin was the youngest son of Deacon Daniel James, who was 
a native of Rhode Island, and had moved to Vermont at the beginning 
of the Revolution. In youth he was very industrious and applied him- 
self to his studies with perseverance. His education was obtained at 
the district school, and later he attended Middlebury College, where he 
graduated in 1816. Subsequently he studied medicine with his elder 
brother in Albany, New York, for three years. During this time he 
became interested in botany and the natural sciences, which were then 
being taught by Professor Amos Eaton. Upon the recommendations of 
Captain Lewis Le Conte and Dr. John Torrey he was appointed to the 
place left vacant by the death of Dr. Baldwin. The trip with Major 

* Thwaites, R. G., “ Early Western Travels,” Vol. 15. 


Parry, C. C., Amer. Jour. Sci. and Arts, 2d series, 33: 428-430, 1862. 
Sargent, C. S., “ Silva of North America,” 2: 96, 1891. 
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Long was a hurried one, although it was made overland from St. Louis 
to Council Bluffs and but few plants were collected near St. Louis. 
James remained with the expedition until its close. His efficient labors 
are proved by the subsequent publications founded upon his observations 
and collections. The present Pikes Peak was first named James’s Peak, 
by Major Long, but for some unexplained reason the earlier name has 
not remained in use. 

The next two years after the return of the expedition were spent in 
compiling his results, which were published in 1825, and were of much 
historical and scientific value. During the next six or seven years he 
served as a surgeon in the regular army at extreme frontier posts, and 
here he studied the Indian languages and translated the New Testa- 
ment into the Ojibwe tongue. He also published a biography of John 
Tanner, a man who was captured by the Indians while a child, and was 
brought up by them. When the medical department of the army was 
reorganized he resigned and returned to Albany, where he was associate 
editor of a temperance periodical. Upon leaving this he went west and 
settled near Burlington, Iowa, where he spent the last days of his life 
in agricultural pursuits. On October 25, 1861, he was run over by a 
wagon and injured so seriously that he died three days later. 

The genus Jamesia, of the Saxifrage family, was named in his honor 
by Torrey and Gray. 

The results of the exploring expeditions seem to have directed at- 
tention to the Missouri country, so that a number of men of ability 
came to that section and made botanical explorations of greater or less 
extent. Before the Long expedition had finished its work an amateur 
botanist, Dr. Lewis C. Beck, was collecting about St. Louis. 

Dr. Lewis Caleb Beck* was born in Schenectady, New York, on 
October 4, 1798. In 1817 he graduated at Union College; he then 
studied medicine and began to practise at Schenectady in 1818. He 
moved to St. Louis in 1820 and lived here until 1822. During this 
time he collected quite extensively and later published a list of his col- 
lections. His introductory note is self-explanatory and is as follows: 


During my residence in Missouri, in the years 1820, 1821 and 1822, a por- 
tion of my time was occupied in the investigation of the vegetable productions 
of that and the adjoining state. Upon my return I was so fortunate as to 
receive, uninjured, the collections which I had made. 

Until the present season (1826), however, I have not had leisure to examine 
them with the necessary attention, and to revise my notes upon the recent 
plants. This work I have now commenced, and submit to you the first part, 


* Appleton’s “ Cyclopedia of American Biography,” 1: 213, 1887. 

Anonymous, Amer. Jour. Sci. and Arts, 2d series, 16: 149, 1853. 

March, Dr. Alden, Gross’s “ Amer. Med. Biography,” 679-696, 1861. 

Beck, L. C., Amer. Jour. Sci. and Arts, 10: 257-264, 1826; 11: 167-182, 
1827; 14: 112-121, 1828. 
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for publication in your valuable journal. Those species which are presented as 
new are minutely described, and in all cases where the western specimens of 
known plants differ from the eastern, this difference is stated. By this means 
we shall become acquainted with, at least, some of the peculiarities in the 
vegetation of that interesting section of the United States. Concerning the 
more common plants, the habitats and times of flowering only are mentioned. 
The catalogue, it is hoped will contribute somewhat to increase our stock of 
knowledge, and will be particularly interesting to geographical botanists, and 
to future writers upon the botany of the United States. 


This annotated list, which was continued in three volumes of Silli- 
man’s Journal, mentions about two hundred species of plants, and is 
the earliest extensive list known to the writer. Many of Beck’s plants 
are cited in Riddell’s “ Synopsis of the Flora of the Western States,” 
published in 1835, but apparently only a portion of them are so men- 
tioned. 

In 1822 Beck moved back to Albany and remained there the rest of 
his life. He held positions as professor of botany and other sciences at 
a number of institutions up to the time of his death; Rensselaer Poly- 
technic Institute, Rutgers College and Albany Medical College being 
those with which he was most prominently connected. Dr. Beck was 
well known in botanical circles, being the author of a manual of the 
botany of the northern and middle states, of which two editions were 
issued. He also published a number of botanical papers. He was a 
well-known writer on chemical and medical subjects besides; and 
published a manual of chemistry which passed through four editions. 
He seems to have been a conservative writer, as his bibliography con- 
tains but twenty-three titles. Dr. Beck died at Albany on April 20, 
1853. 

After Beck closed his work in the vicinity of St. Louis there seems 
to have been a period of nearly ten years when there was no botanical 
work done. In 1831, however, there began a period of activity which 
has continued more or less regularly up to the present time. The first. 
botanist to start this activity was Thomas Drummond. 


(To be continued) 
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THE APPLICATION OF ZOOLOGICAL LAWS TO MAN? 


By Prorgessorn WILLIAM RIDGEWAY, M.A., F.B.A., Lit.D., LL.D. 


HIRTY years ago in this very city I heard for the first time a 
presidential address at the British Association, and I was singu- 
larly fortunate in entering on my novitiate. I had the privilege of 
hearing Professor Huxley deliver his presidential address to the 
embryo of that section over which I, a very unworthy successor, have 
this day the honor to preside. On that occasion Huxley dealt almost 
exclusively with the physical evolution of man, and the Neanderthal 
skull played an important part in his discourse. The anthropologists 
of that day and since have severely criticized, and rightly so, the old 
teleological doctrine that everything except man himself had been 
created for man’s use, and they emphatically enunciated the doctrine 
that man himself has been evolved under the same laws as every other 
animal. Yet the anthropologists themselves have not always carried 
out in practise their own principles to their logical conclusions. To- 
day I shall attempt to show that the chief errors which impede the 
scientific study of man, which lead to the maladministration of alien 
races, and which beget blunders of the gravest issue in our own social 
legislation, are due in the main to man’s pride in shutting his eyes to 
the fact that he is controlled by the same laws as the rest of the animal 
kingdom. 

I. Let us first consider some of the chief problems which at present 
are being debated by the physical anthropologists. Foremost in im- 
portance of these is the stratification of populations in Europe. It has 
generally been held as an article of faith that Europe was first peopled 
by a non-Aryan race. Of course it is impossible for us to say what 
were the physical characteristics of paleolithic man, but when we come 
to neolithic man the problem becomes less hopeless. It has been gen- 
erally held that the first neolithic men in Europe, whether they were 
descended or not from their paleolithic predecessors, had long skulls, 
but were not Aryan; that later on a migration of short-skulled people 
from Asia passed along central Europe and into France, becoming 
what is commonly termed the Alpine, by some the Ligurian, by others 
the Celtic race; that later these two primitive non-Aryan races were 
overrun by the Aryans, who, when these theories were first started, 
were universally considered to have come from the Hindu Kush, but 


1 Address of the president of the Anthropological Section of the British 
Association for the Advancement of Science, Dublin, 1908. 
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are now generally believed, as held by Latham, to have originated in 
upper central Europe. Yet, although the view respecting the cradle 
of the Aryans has changed, anthropologists have not seen the important 
bearing that it has upon the problem of neolithic man. The Aryans 
are generally held to have had a blond complexion. 

As our discussion must from its nature concern itself with questions 
of race, let us first examine the criteria by which anthropologists dis- 
tinguish one race from another. If you ask an anthropologist how he 
distinguishes an Aryan from a non-Aryan race, he will tell you that 
he relies on three main tests: (a) the color of the skin, hair and eyes; 
(b) the shape of the skull and certain other osteological characteristics ; 
and (c) the system of descent through males. Formerly language was 
included in the tests of race, but when it was pointed out that the 
Negroes of Jamaica speak English, those of Louisiana French, hence- 
forward it was assumed that one race can embrace the language of 
another with the greatest ease. Yet it may turn out, after all, that 
language was too hastily expelled from the criteria of race. On the 
other hand, we may find that too implicit faith has been placed on the 
three criteria of cranial characteristics, pigmentation and law of suc- 
cession. 

(a) As it is assumed that all Aryans were blond and traced descent 
through males, so it is held that all Europeans, who are dark-com- 
plexioned, and whose forefathers traced descent through women, are 
non-Aryan in race, and that, although they now in almost every case 
speak an Aryan tongue, this is not their primitive speech, but simply 
that learned from their Aryan conquerors. According to this orthodox 
view, the dark-skinned inhabitants of Italy, Spain and Greece are all 
non-Aryan, and all have borrowed the language of their masters, 
whilst, of course, the same is held respecting the melanochrous popula- 
tion of France and of the British Isles. Ever since Professor Sergi 
comprehended under what he terms the “ Eurafrican species” all the 
dark-complexioned peoples of southern and western Europe, as well as 
the Semitic and Hamitic peoples of western Asia and northern Africa, 
the doctrine that the dark-skinned peoples of Europe once spoke a 
non-Aryan tongue or tongues is supposed to have been finally estab- 
lished. But under his Eurafrican species Sergi includes the blond 
race of northern Europe who speak Aryan languages along with the 
dark races who speak non-Aryan tongues. It is argued that as all 
the dark-skinned peoples on the north side of the Mediterranean belong 
by their physical type to the same original stock as the Semites and 
Hamites, they must likewise have spoken non-Aryan languages. Yet 
it might as well be maintained that the Finns, who speak a non-Aryan 
tongue, and the Scandinavians, who speak an Aryan, were originally all 
of one stock, because both races are blond. 
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This doctrine of a Mediterranean race depends upon the tacit as- 
sumption made by the physical anthropologists that identity or simi- 
larity of type means identity of race. Yet this assumption does not 
bear the test of scientific examination, for it assumes that only those 
who are sprung from a common stock can be similar in physical struc- 
ture and coloration, and it leaves altogether out of sight the effects of 
environment in changing racial types, and that, too, in no long time. 
The change in the type of the American of New England from that of 
his English ancestor and his approximation to the hatchet face and 
thin scraggy beard of the Red Indian have long been remarked, whilst 
the Boers of South Africa, in less than 150 years, have quite lost the 
old Dutch build, and become a tall weedy race. The effects of climatic 
conditions are very patent amongst the native peoples of the New 
World. The Iroquois of the temperate parts (lat. 40°-45°) of North 
America were a tall, rather light-complexioned race, but as we keep 
moving south and approach the equator, their kindred tribes grow 
somewhat darker in complexion and more feeble in physique, except 
where they live at a considerable altitude, for of course altitude acts in 
the same way as latitude. When once we pass below the equator the 
physique keeps steadily improving until we come to the Pampas In- 
dians, a vigorous race who defied all the efforts of the Spaniards to 
subdue them; and finally we meet the Patagonians (lat. 40°-53°), a 
fine, tall, light-complexioned race, who form in the south the counter- 
part of the Iroquois and their closely allied tribes in the north. 

The same law, as is well known, can be seen at work in Europe. 
Starting from the Mediterranean, we meet in the lower parts a melan- 
ochrous race; but gradually, as we advance upwards, the population as 
a whole is growing less dark, until finally, along the shores of the 
Baltic, we meet the tallest and most light-complexioned race in the 
world. Of course it has been explained that the change in pigmenta- 
tion, as we advance from south to north, is due to the varying propor- 
tions in the admixture of the blond race of the north with the melan- 
ochrous of the south. But it is difficult to believe that the movements 
up or down of the people from the southern side of the Alps, or of 
those from the shores of the Baltic, have been so nicely proportioned 
as to give the general steady change from north to south in coloration 
without the aid of some other force. The case of America, which I 
have just cited, is in itself enough to raise a suspicion that climatic 
influences are at work all the time, and that environment is in reality 
the chief factor in the variation of both stature and pigmentation from 
the Mediterranean to the Baltic. The white race of the north is of 
the same proximate ancestry as the dark-complexioned peoples of the 
northern shores of the Mediterranean. I have already argued else- 
where that, as the ice-sheet receded, mankind kept pressing farther 
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north, and gradually under changed climatic conditions the type 
changed from area to area, and they all still continued to speak the 
same Indo-European tongue, but with dialectic variations, these also 
being no doubt due to the physical changes in the vocal organs pro- 
duced by environment. 

If we turn from man to the other animals we find a complete 
demonstration of this doctrine. For instance, the conditions which 
have produced a blond race on the Baltic have probably produced the 
white hare, white bears, and the tendency in the stoat and the ptarmi- 
gan to turn white in winter, whilst in the same regions of Europe and 
Asia the indigenous horses were of a dun color, who not only turned 
white in winter, but had a great tendency to turn white altogether. It 
may be objected that the Lapps and Eskimo are not tall and blond, 
but, on the contrary, short and dark; but they live within the arctic 
circle in regions where the sun does not shine at all for a great part of the 
year, and consequently they are quite outside the conditions of environ- 
ment under which the tall blond race of North Germany has long 
dwelt. Of course, in dealing with man we are always confronted with 
the difficulties arising from his migrations; but if we can find a family 
of lower animals who can not be said to have thus migrated, and who 
show the effects of environment, we shall be able to argue powerfully 
from analogy. 

The horse family supplies the example required. If we follow it 
from northern Asia to the Cape of Good Hope, we shall find that every 
belt has its own particular type, changes in osteology as well as in 
coloration taking place from region to region. First we meet the old 
dun horse, with its tendency to become white, the best European 
examples of which were probably the now extinct ponies of the Lofoden 
Isles. In Asia, Prejvalsky’s horse is the best living instance—a dun- 
colored animal with little trace of stripes. Bordering on the Prej- 
valsky horse, or true tarpan, come the Asiatic asses: first the dzeggetai 
of Mongolia, a fawn-colored animal, the under parts being Isabella- 
colored ; then comes the kiang of the Upper Indus Valley, seldom found 
at a lower altitude than 10,000 feet, rufous brown with white under 
parts, whilst, as might be expected from its mountain habitat, its hind 
quarters are much more developed in length and strength than in the 
asses of the plains. The Onager indicus, onager and hemippus are 
found in all the great plains of the Punjab, Afghanistan, western 
India, Baluchistan, Persia and Syria, whilst a few are said to survive 
in South Arabia. All these are lighter in color than the kiang, the 
typical onager being a white animal with yellow blotches on the side, 
neck and head. All the Asiatic asses are distinguished by the absence 
of any shoulder stripe, though they occasionally show traces of stripes 
on the lower parts of the legs. The southern Asiatic asses just de- 
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scribed in their grayer color and smaller hoofs approximate to the wild 
asses of Africa, especially to those of Somaliland, whilst it is main- 
tained that in their cry, as well as in their color, the kiang and dzeggetai 
come closer to the horse, whose next neighbors they are. 

Passing to Africa, we find the ass of Nubia and Abyssinia showing a 
shoulder stripe, and frequently with very strongly defined narrow 
stripes on the legs, the ears being longer than those of the onager. 
But in closer proximity to southwestern Asia comes the Somali ass, 
which differs from those of Nubia and Abyssinia by being grayer in 
color, by the entire absence of shoulder stripes and by smaller ears, in 
all which characteristics it comes closer to its neighbors on the Asiatic 
side than it does to its relations in Abyssinia and Nubia. 

Next we meet the zebras. First comes the magnificent Grévy zebra 
of Somaliland, Shoa and British East Africa. It is completely striped 
down to its hoofs, but the coloration of the specimens from Shoa 
differs from that of those from Somaliland, and from those of British 
East Africa. The Grévy zebra has its hoofs rounded in front like 
those of a horse, but its ears are more like its neighbors, the asses, than 
those of any other zebra. 

In the region north of the river Tana the Burchelline group of 
zebras overlaps the Grévy, and though it differs essentially in form, 
habits and shape of its hoofs from the Grévy, some of those in the 
neighborhood of Lake Barringo show gridiron markings on the croup 
like those on the Grévy zebra, whilst, like the latter, they also possess 
functional premolars. 

All the zebras of the equatorial regions are striped to the hoofs, but 
when we reach the Transvaal, the Burchelline zebra, known as Chap- 
man’s, is divesting itself of stripes on its legs, whilst the ground color 
is getting less white and the stripes less black. Farther south the true 
Burchell zebra of the Orange River has completely lost the stripes on 
its legs and under surface, its general coloring being a pale yellowish 
brown, the stripes being dark brown or nearly black. South of the 
Orange River the now extinct quagga of Cape Colony had not only 
begun to lose the stripes of its under part and on the hind quarters, 
but in Daniell’s specimen they only survived on the neck as far as the 
withers, the animal having its upper surface bay and a tail like that 
of a horse, whilst all specimens of quagga show a rounded hoof like 
that of a horse. 

In the quagga of 30°-32° S. we have practically a bay horse cor- 
responding to the bay Libyan horse of lat. 30°-32° N. 

But the production of such variations in color do not require great 
differences in latitude. On the contrary, from a study of a series of 
skins of zebras shot for me in British East Africa, each of which is 
from a known locality and from a known altitude, there can be no 
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doubt that such variations in color are found from district to district 
within a comparatively small area. 

In addition to the two species of zebra already mentioned, there is 
the mountain zebra, formerly extremely common in the mountainous 
parts of Cape Colony and Natal, though now nearly extinct in that 
area. Its hind legs, as might naturally have been expected from its 
habitat, are more developed than those of the other zebras, just as these 
same limbs are also more developed in the kiang of the Himalayas than 
in any other ass. 

With these facts before us, there can be no doubt that environment 
is a most potent factor not only in coloration, but also in osteology. 
No less certain is it that environment:-is capable of producing changes 
in animal types with great rapidity. Thus, although it is an historical 
fact that there were no horses in Java in 1346, and it is known that the 
ponies now there are descended from those brought in by the Arabs, 
yet within five centuries there has arisen a race of ponies (often 
striped) some of which are not more than two feet high. Darwin 
himself has given other examples of the rapid change in structure of 
horses when transferred from one environment to another, as, for in- 
stance, when Pampas horses are brought up into the Andes. 

Another good example is that of the now familiar Basuto ponies. 
Up to 1846 the Basutos did not possess a single horse, those of them 
who went down and worked for the Boers of the Orange River usually 
taking their pay in cattle. At the date mentioned some of them began 
to take horses instead. These horses were of the ordinary mixed 
colonial kinds, and we may be sure that the Boers did not let the 
Basutos have picked specimens. The Basutos turned these horses out 
on their mountains, where, living under perfectly natural conditions, 
their posterity within less than forty years had settled down into a well- 
defined type of mountain pony. 

Nor is it only in the horse family that we meet with examples of the 
force of environment. The tiger extends from the Indian Ocean, 
through China up to Corea, but the tiger of Corea is a very different 
animal from that of Bengal. Instead of the short hair of the Indian 
tiger the Corean has clothed himself with a robe of dense long fur to 
withstand the rigors of the north. It is not unlikely that if we had a 
sufficient number of skins from known localities we could trace the 
change in the tiger from latitude to latitude, just as I have shown in 
the case of the Equide. 

Now whilst there is certainly a general physical type common to all 
the peoples round the Mediterranean, it by no means follows that all 
those peoples are from the same original stock. On the contrary, the 
analogy from man in other parts of the world, as well as that of the 
Equide, suggests that the resemblance between the Berbers, who speak 








506 POPULAR SCIENCE MONTHLY 


Hamitic, the Greeks, who speak Aryan, and the Jews and Arabs, who 
spoke Semitic, is simply due to the fact that those peoples, from having 
long dwelt under practically similar conditions in the Mediterranean 
basin, have gradually acquired that physical similarity which has led 
Sergi to the assumption that they have a proximate common ancestry, 
and that they accordingly form but a single race. 

Nor is there any lack of instances of convergence of type under 
similar conditions in the case of the lower animals. We saw that the 
asses of southwestern Asia approximate in color to the asses of north- 
east Africa, and in respect of the size of the ears and absence of 
shoulder stripe, more especially to the nearest of these, the ass of 
Somaliland. Yet it does not follow that they are more closely related 
to the Somali ass than they are to their own next neighbors, the kiang. 
On the contrary, it is much more likely that the Somali ass is closely 
related to those of Abyssinia, and that the southwestern Asiatic asses 
are closely related to the kiang. The approximation in color, absence 
of shoulder stripe and size of the ears between the asses of Somaliland 
and those of southwestern Asia must rather be explained by a con- 
vergence of types under the somewhat similar climatic conditions of 
Somaliland and the nearest parts of southwestern Asia. Again, 
though there are very strong, specific differences between the Grévy 
and Burchelline zebras met in the neighborhood of Lake Barringo, 
there is a curious approximation, not only in marking, but also in the 
teeth between these two species, which is best accounted for by suppos- 
ing that it is the outcome of similar environment. It may be said 
that this approximation may be due to the interbreeding of the two 
species of zebras in the region where they overlap. This, in itself a 
most unlikely contingency from all that is known of the habits of wild 
species, certainly can not be alleged in the case of the convergence in 
type between the asses of southwestern Asia and the Somali ass, since 
they are separated by the Red Sea and the Persian Gulf. 

Again, the representative of the crocodile family in the Ganges is 
distinguished by the extreme elongation of the head and jaws, whilst 
the same elongation of the head is equally characteristic of the repre- 
sentative of the dolphin family found in the same waters. Again, all 
through the Indian Ocean wherever any family of crabs have become 
inhabitants of coralline sands its members have long legs. Again, it 
has long been noticed that in Cutch all the larger animals have a 
tendency to become a sandy color, whilst in certain areas of South 
America insects, no matter to what family they belong, have a tendency 
to one common aspect. 

It may, of course, be said that the changes in color of the horse 
family, tigers and insects are for “protective” reasons. But the 
case of the horse family alone is sufficient to dispose of this objection. 
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The kiang of the Himalaya had no dangerous enemy until man was 
armed with a rifle. In Africa the zebras have had only two formidable 
foes—man and the lion. It is asserted by the most experienced hunters 
that the gaudy livery of the zebra makes him conspicuous from afar, 
whether he is on the mountain, on the plain or in the shade of a tree. 
His brilliant color, therefore, really exposes him to man. But it will 
be said that it is well adapted to conceal him at night, at which time 
the lion seeks his prey. Yet as the best authorities hold that the 
lion hunts entirely by scent, the coloration of the zebra affords him no 
protection against his inveterate foe. 

I have shown that in horses the colors—such as bay, black, gray and 
white—accompany certain well-defined inward qualities. But as black 
is most certainly not a primitive horse color, it follows that coat colors 
may be intimately connected with certain other characteristics quite 
irrespective of protective coloring. Again, as the variation in the size 
and shape of the ears and hoofs of the asses and zebras can not be set 
down to protective coloring, but must be due to other causes, there is 
no reason why variations in color should not be ascribed to similar 
causes. 

The argument based on the analogy of the horse family and the 
tigers, and on that of the natives of the New World, may be applied 
to the races of Africa. Next to the Mediterranean lie the Berbers and 
their Hamitic congeners, who are regarded as part of the Eurafrican 
species by Sergi and his school. But the Berbers are not all of the 
typical Mediterranean physique. The blond Berbers of the highlands 
of Rif in Northwest Morocco and of the Atlas have long been well 
known. In the region lower down and in western Tunis the occur- 
rence of the xanthochrous type seems much less frequent, whilst farther 
east it practically disappears. 

It is certain that there was a fair-haired element in Libya long 
before Rome conquered Carthage or the Vandals had passed into the 
ken of history. Callimachus testifies to the existence of blond Berbers 
in the third century B.c. We may hold, then, with Sergi and others 
that the blond element in the Berbers is not a survival from invasions 
of Vandals or Goths, or from Roman colonists, but that they rather 
owe their fair complexions and light-colored eyes to the circumstance 
that they were cradled in a cool mountainous region, and not along the 
low-lying border of the Mediterranean like their dark-colored relations 
whose language and customs they share. 

If, then, some of those who speak Hamitic are fair, and have been 
fair for centuries before Christ, as Sergi himself admits, whilst others 
are dark, there is no reason why some of the peoples who speak Aryan 
might not be dark whilst others are blond. 

The Berbers and their Hamitic congeners shade off on the south 
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into other peoples, but this is not altogether due to intermarriage, as is 
commonly held, for it is more probably to be explained as due in a 
large part to climatic conditions. The Bantus, who are said to have 
originated in the Galla country and to have spread thence, are now 
regarded by the chief authorities as the result of an intermixture of 
Hamites and Negroes. But, on the grounds I have already stated, it 
is more rational to regard them as having been evolved in the area 
lying between the Hamitic peoples on the north and the Negroes on the 
south, just as we have corresponding types of the horse family in 
Nubia and Abyssinia and in the equatorial regions. The same hy- 
pothesis also explains the existence of those cattle-keeping tribes which 
lie west of the Nile, stretching across northern Nigeria, who border on 
the Berbers, but yet differ from them, and border also on the Negroes, 
but differ from them likewise. South of these tribes come the Negroes, 
the true children of the equator. The Bantu is able to live in elevated 
equatorial areas, and he has burst his way down to the subtropical and 
temperate parts of South Africa, where he especially flourishes in the 
highlands, thus showing that his race was originally evolved under 
similar conditions. The Bantu found in the south the Hoettentots, 
who are especially distinguished by steatopygy, a feature which has led 
some to identify them with the primitive steatopygous race supposed to 
have once lived in southern Europe, Malta and North Africa, and to 
have left evidence of their characteristic in their representations of 
themselves. But, granting that such a race once lived in North Africa 
and southern Europe, there is really no more reason for supposing that 
they and the Hottentots formed one and the same race than there is 
for assuming that Daniel’s quagga, which was practically a bay horse, 
was proximately akin to the bay horse of North Africa. The occurrence 
of steatopygy in two areas so wide apart is not due to an ethnical 
migration, but rather to similar climatic conditions producing similar 
characteristics. 

As some anthropologists so commonly explain the origin of races 
such as the Bantus by intermarriage, it may be well to see whether inter- 
marriage between two races, one of which is an invader, is likely to 
produce a permanent effect upon the general physique of a whole com- 
munity. I have shown elsewhere that the many invasions of fair- 
haired races into the three southern peninsulas of Europe and into the 
®gean islands have left no permanent trace on the population. It is 
a matter of common knowledge that the offspring of British and native 
parents in India have a constant tendency to die out. The same un- 
doubtedly holds true for the offspring of British soldiers serving in 
Egypt, the Soudan and West Africa. The native race always reasserts 
itself. In America the Spanish blood has died out, or is dying out, 
everywhere except in the temperate regions of Chile, Quito and Argen- 
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tina, where the descendants of the Spanish settlers thrive in a climate 
very analogous to that of Spain. In the southern states of North 
America the whites can not flourish, and only just manage to survive. 
On the other hand, the descendants of the Negro slaves imported into 
Brazil, the West Indies and the southern states of North America 
thrive and multiply with extraordinary vigor; a fact doubtless due to 
their race having been evolved under similar conditions in equatorial 
Africa. 

Even from the evidence already to hand there is high probability 
that intermarriage can do little to form a new race unless the parents 
on both sides are of races evolved in similar environments. 

I have already pointed out that although the fair-haired race of 
upper Europe has age after age kept pouring over the Alps into Italy 
and the other southern peninsulas, and has constantly intermixed with 
the indigenous populations, it is only in the upper part of Italy that the 
blond race is able to hold its own. In Italy the xanthochrous race in 
ancient times, as to-day, had its maximum along the Alps,and gradually 
dwindled towards the south until the melanochrous race stood practically 
alone in the lower part of the peninsula. So too in the Balkan, whilst 
the fair-haired element was at its maximum along the Alps and the 
Danube, southwards the melanochrous becomes more and more com- 
pletely dominant, as it practically is to-day in the lower part of the 
peninsula. 

(b) In the Alpine regions there has been from Neolithic times a 
brachycephalic race, also found in central France and in the British 
Isles, whither it is supposed to have come in the Bronze age. It has 
been a fundamental article of faith with Sergi and others that this 
round-headed race came from Asia, the home of brachycephalism. It 
is Mongolian according to most, and spoke a non-Aryan language; but 
Sergi regards it as Aryan, thus reverting to the old doctrine, which 
made the Aryans come from central Asia, and he assumes that these 
invaders imposed their language both on the aborigines of Italy, such 
as the Ligurians, and on the blond race of northern Europe; but we 
shall soon see that this assumption has no base. Now, as these folk 
dwelt in the region where we find the Ligurians of historical times, 
others have argued that the Ligurians were a non-Aryan people from 
Asia. But it is impossible to find any hard-and-fast lines between 
the Alpine race and the peoples north and south of it in culture and 
sociology. For that reason, when treating of the people of the Alps in 
my “Early Age of Greece” I did not take any account of the differ- 
ence in cranial measurements. In 1906, at the British Association, I 
maintained that this difference of skull type did not mean any racial 
difference, and on the analogy of the changes in the osteology of the 
Equide I urged that the roundness of the skulls was simply due 
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to environment, as the horses of the Pampas when brought up into the 
mountainous regions of Chile and Peru rapidly change their physical 
type. Physical anthropologists have already maintained that the round 
head of the Mongolian has been developed in the high altitude of the 
Altai. If that be so, there is no reason why a similar phenomenon 
should not have taken place in the Alpine region, in Albania, Anatolia 
and wherever else in mountain areas brachycephaly has been found in 
more than sporadic examples, which, of course, may well be due to 
migrations or importation of slaves. But I am far from suggesting 
that altitude is the only cause of brachycephaly. 

The evidence, then, as far as it goes, points to the same conclusion 
as that to which we came as regards pigmentation, and it may even- 
tually be proved that just as each area has its own type of coloration, so 
also has it its own osteological character. In support of this I may 
point out that recently Dr. William Wright, Hunterian lecturer, has 
come to the conclusion from his craniological investigations that the 
brachycephalic Alpine race was evolved on European soil, whilst Dr. 
C. S. Myers has been led by his researches on Egyptian skulls to con- 
clude that, “in spite of the various infiltrations of foreign blood in the 
past, modern Egypt contains a homogeneous population which grad- 
ually shifts its average character as we proceed southwards from the 
shores of the Mediterranean to Nubia beyond the First Cataract.” 

It is not impossible that Alpine environment may have acted upon 
the shape of the skull of the ox as well as that of man. We know 
from the examination of the fauna of the lake dwellings of Switzerland 
that the Celtic ox (Bos longifrons) was there the common type, and 
its descendants still continue to be the typical breed along the Alpine 
chain. This ox is characterized by its strongly developed occipital 
region and its small horns curved forward and inward. As it differs 
so essentially from the urus (Bos primigenius) and from the long- 
horned cattle of the Mediterranean lands, it seems not unlikely that the 
peculiar cranial formation may have been evolved under mountainous 
environment. 

It is now clear that differences in the shape of the skull and in the 
color of the skin, hair and eyes can not be at all implicitly relied on as 
criteria of race. The defenders of the non-Aryan character of the 
dark races of Greece, Italy, Spain, France and the British Isles have 
now to depend on two arguments only, one of which is linguistic, the 
other sociological. It is admitted that it is very difficult to point to 
any non-Aryan survivals in the vocabularies of the languages of these 
countries, and it is also admitted that in them all the tense system of 
the Aryans has been taken over in its entirety. Neither Kretschmer 
nor any ore else has ventured to affirm that there is any survival of 
non-Aryan syntactical forms in Greek, the language of all others in 

















ZOOLOGICAL LAWS 511 


which the Ayran tense system is found in its greatest delicacy and 
perfection. But we know that in all cases where an Aryan language 
has without doubt been adopted by a non-Aryan folk the tense system is 
invariably broken up. No better example than this is needed than 
ordinary “ pigeon” English. So difficult is it for the defenders of the 
non-Aryan theory of the origin of the aborigines of Greece to maintain 
their position that one of the latest, Professor Burrows, has to rely on 
certain supposed syntactical survivals of a non-Aryan language which 
Sir John Rhys believes that he has found in Welsh and Irish, and in 
the remarkable resemblance which Professor Morris Jones thinks that 
he has traced between the syntax of those languages and that of Berber 
and ancient Egyptian. 

Yet when we examine the evidence on which Sir John Rhys relies, 
it turns out to be only three Welsh and Cornish oghams, written not in 
pure Celtic, but in dog Latin, and also two Irish oghams, which show 
a looseness in the use of the genitive suffix at a time when final syllables 
were dropping out of use in Irish. Sir John Rhys supposes that the 
non-Aryan inhabitants of these islands derived their Gaelic speech from 
a people whom he terms Celticans, who spoke Goidelic, and who were 
followed by the Brythons, who found the aborigines already Celticized. 
Professor Morris Jones freely admits that the aborigines must have 
borrowed the full Aryan tense system, a fact in itself sufficient, from 
what I have already said, to arouse grave suspicions as to the validity 
of any arguments based on supposed fundamental grammatical differ- 
ences. But this supposed taking over of the full Aryan tense system 
by the non-Aryan aborigines of these islands is rendered all the more 
miraculous from the circumstance that Sir John Rhys holds that his 
Celticans, who spoke Goidelic, “came over not later than the great 
movements which took place in the Celtic world of the continent in the 
sixth and fifth centuries before our era,” that the Brythons “ came over 
to Britain between the time of Pytheas and that of Julius Cesar,” and 
that the Brythons were not likely to come into contact on any large scale 
with the aborigines “before they had been to a considerable extent 
Celticized.” It is thus assumed that it was possible for the aborigines 
to have been so completely Celticized as to have adopted the Aryan 
tense system, as well as the Aryan vocabulary, in its fullness in the 
interval between the sixth or fifth century and the second century B.c. 
Yet English has been the master speech in Britain for many centuries, 
and that, too, when reading and writing have been commonly practised ; 
yet Gaelic still survives, whilst Welsh not only survives but flourishes. 
It is, therefore, simply incredible that such a complete transformation 
as that postulated could have taken place in three or four centuries in an 
age when writing and literature can be hardly said to have existed in 
these islands. 
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Let us now see under what conditions does one race or people borrow 
the language of another. Slaves, of course, take over the language of 
their masters, but we have to consider (1) the adoption by a conquer- 
ing people of the language of the conquered, (2) the adoption by a con- 
quered people of that of their conquerors, and (3) the adoption by a 
people themselves unconquered of the language of their neighbors. 
Under what conditions do the conquerors adopt the language of the con- 
quered? Ireland affords us at least two certain examples. Cromwell 
planted large bodies of his English soldiers in Tipperary, but they had 
no English women, and therefore took as wives the daughters of the 
land, who spoke the Irish language. From this union resulted a 
splendid offspring, who spoke chiefly the language of their Irish 
mothers, and not their fathers’ English. So it came to pass that in a 
single generation the progeny of Cromwell’s Puritans were in language 
as Irish as the purest-blooded aboriginal of Munster. Yet this adop- 
tion of the Irish language by the great majority of the children of 
these settlers took place in spite of the effect which the reading of books 
in English must have exerted to counteract the tendency to adopt the 
Irish language. Let us go back five hundred years in Irish history and 
we find exactly the same process going on. The Normans who followed 
Strongbow into Ireland, like their captain, frequently married native 
women. It is a matter of common knowledge that the Anglo-Norman 
settlers in a short time became Hiberniores ipsis Hibernis. 

These and other examples too numerous to cite here prove that the 
children of bodies of conquerors who marry the women of the land will 
have an inevitable tendency to follow their mothers’ speech. We may 
also lay down as a solid factor in the tendency of the conqueror to 
merge into the conquered the isolation of the conquerors from their 
original homes and from the great mass of those who speak the same 
language. 

Next we come to the case where the conquerors bring with them 
some women of their own race. This of course helps to keep their own 
language alive, as a certain number of the children speak it as their 
mothers’ tongue. But even in these circumstances the invaders are 
liable to drop their own language and practically adopt that of the 
natives. Thus the Northmen who settled on the coast of France 
gradually abandoned their national tongue for French, though modify- 
ing dialectically their adopted language. When under the name of 
Normans they conquered and settled in England, they again adopted 
the language of the conquered, though modifying the English tongue 
by many words and phrases brought with them from Normandy, and 
we have just seen how some of their descendants who settled in Ireland 
for the third time changed their speech for that of the conquered. 

Hitherto all our examples show the adoption by the conquerors of 
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the language of the conquered, even when they bring a certain number 
of their women with them. 

We now come to undoubted cases where the language of the con- 
queror has been able to get a firm foothold. From the time of the 
plantation of Ulster, the advance of the English tongue, and con- 
sequent decadence of the Irish, has steadily proceeded, for the settlers, 
unlike Cromwell’s Ironsides, brought with them women of their own 
race and speech. Consequently their children grew up speaking Eng- 
lish as their mothers’ tongue. Yet even with such a basis the advance 
of English amongst the Irish has been exceedingly slow. In the glens 
of Antrim the Irish language still lingers on, whilst in Donegal, Con- 
naught, Kerry, Cork and Waterford, English has not succeeded in 
ousting completely the native language, though the former is the 
language of the national schools, of the newspapers and of trade. 

The story of the establishment of English itself in Britain is just 
the same as in Ulster. We know from Bede that the Angles who settled 
in Britain left Holstein in large bodies, bringing with them their 
wives and families, and leaving their old homes without inhabitant. 
Having thus settled in solid masses in the east of Britain, they retained 
fully their own tongue, impressed it upon their menials, and gradually, 
as they extended their conquests westward over the island, English 
became the language of the land. Yet in Wales the ancient speech 
still flourishes. 

We may, therefore, conclude that the adoption by the conquered of 
the language of the conqueror, even when it does take place, which is 
but rarely, is a very slow and tedious process, although every advantage 
is on the side of the invading tongue, and that when the native speech 
gets a fair field, as in Wales, the language of the conqueror can make 
little or no advance. 

Only the third possibility now is left—that one people can adopt 
without conquest the language of another. But no example of such 
can anywhere be found, although Europe presents numerous instances 
to the contrary. There can be no stronger case than that of the Swiss 
Republic, in which peoples with more than four kinds of language com- 
bine for national defense and other advantages. Here, if anywhere, we 
ought to find a gradual adoption by certain cantons of the language of 
their neighbors. But, far from this being so, the German, French, 
Roumansch and Italian cantons rigidly preserve their respective 
mother-speeches. In the Austro-Hungarian Empire there is no tend- 
ency observable on the part of either Magyars or Slavs to adopt Ger- 
man; nay, the very opposite is the case. Again, the Finns have not 
adopted either Swedish or Russian, though partitioned between their 
more powerful neighbors. 

To sum up, it seems that no nation readily adopts the language of 
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another, even though it be in close ties of friendship; whilst there ig 
still less tendency when national hostility intervenes. Secondly, the 
adoption of the language of the conqueror by the conquered, except 
under the most favorable circumstances, is not common, and only takes 
place by a very gradual process, as is seen in the case of Ireland. 
Thirdly, there is a strong tendency for the conqueror to adopt the 
language of the conquered, as was done by the Normans in England, 
In Ireland, in Sicily and in Italy; by the Cromwellian settlers in Tip- 
perary, by the Bulgari in Bulgaria, by the Franks in Gaul, by the 
Lombards in Italy and by the Visigoths in Spain. There is thus an 
inevitable tendency for the children to speak their mothers’ tongue, and 
indeed the phrase “mother-tongue” is based on the fact observed 
through long ages that the child learns its first words from its mother 
and thus takes after her in speech. This law, which still holds good in 
modern days and in civilized communities, must have been far stronger 
in earlier times in countries where the tie of marriage hardly existed and 
the child belonged to its mother’s and not its father’s tribe, as is still 
the case in many parts of the world. 

In view of these facts we can not accept Sir John Rhys’s hypothesis 
that when a few bodies of invaders, whom he terms Celticans, passed 
into Ireland the indigenous supposed non-Aryan race within two cen- 
turies completely abandoned its own language, taking over in its 
entirety the Aryan tense system as well as the Aryan vocabulary of its 
conquerors. 

Now let us turn to Greece, Italy and Spain. It is admitted that 
neither Arcadia nor Attica was ever conquered by Acheans or Dorians, 
yet in both these areas the Greek language existed through all historical 
time, and in Attica especially the Aryan tense system is found in its 
highest perfection. The dialect of Arcadia can not have been taken 
over from Acheans or Dorians, because it is the same as that of the 
Cypriotes from Arcadia who settled in Cyprus at least 1100 B.c. It is 
also very close to the dialect of Pelasgiotis in Thessaly, the home of 
the aboriginal Pelasgian population, whilst it comes closest of all Greek 
dialects to that of the ancient Epic. There can, therefore, be no doubt 
that Arcadian is no mere bastard lingo, half non-Aryan, half Aryan, 
but is the genuine speech of the oldest and most unmixed population of 
Greece, who were undoubtedly a melanochrous race, and who also most 
certainly had occupied Greece from the Stone age. 

The Ligurians, who formed from the Stone age the bottom stratum 
in all upper and central Italy, are now admitted to have spoken an 
Aryan language, and I have recently given some reasons for believing 
that the Latin language is simply the native tongue of the aboriginal 
Ligurian population of Latium with some admixtures derived from the 
Italic tribes of Siculi and Sabines. I have also shown that the ancient 
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Iberians, the next neighbors of the Ligurians, used the same forms of 
place-names as the latter, and that some of the words plainly exhibit 
Aryan terminations. Thus we may conclude that with the exception of 
the Basques, who are probably a non-Aryan spurt from North Africa, 
the melanochrous populations of Spain, Italy, the Balkan Peninsula, 
France, Britain, Ireland and Holland have from the first spoken none 
but an Aryan language. 

(c) Only one argument is now left to the defenders of the non-Aryan 
theory. When the study of sociology first sprang up in the last century, 
it at once became a fundamental doctrine that the Aryans had always 
been strictly patriarchal, and that polyandry and descent through 
women was unknown amongst them. Though this view has received 
many rude shocks in later days, Professor Zimmer argues from it that 
the indigenous people of Britain and Ireland were non-Aryan. 

It is well known from the ancient writers that the Picts were 
polyandrous and that succession was consequently through females. 
Again, it is certain, both from the ancient Irish literature and also 
from statements of external writers, that the Irish were polyandrous, 
and that they also almost certainly traced descent through women. 
Accordingly, Professor Zimmer infers that the indigenous race was non- 
Aryan. But McLennan has long since pointed out that descent through 
women was the ancient law at Athens, and I have just shown that 
the Athenians and Arcadians, the autochthonous, dark-complexioned 
people of Greece, never spoke any save an Aryan tongue. Moreover, 
I have shown elsewhere that the Ligurians, who are now generally 
admitted to have spoken always an Aryan language, had descent through 
women, whilst I have also pointed out that there is good evidence that 
the ancient Latins, who have generally been taken as typical Aryans, 
had the same system. Again, it is admitted that the ancient Ilyrians 
and dark-complexioned Thracians spoke an Aryan language, which, 
inasmuch as it differed materially in certain ways from that spoken by 
their Celtic overlords, must have been aboriginal, whilst I have further 
given grounds for believing that the ancient Iberians (though not the 
Basques) were also an Aryan-speaking folk. But there is good evi- 
dence that the Illyrians, melanochrous Thracians and Iberians all 
traced descent through women. In view of these facts it is useless to 
urge that because the Picts of Scotland and the ancient Irish had that 
system of succession through females these peoples must have been non- 
Aryan. 

We have now reviewed the three main criteria of race at present 
used by anthropologists: (a) pigmentation of the skin, hair and eyes; 
(b) the shape of the skull and other osteological characteristics; and 
finally, (c) their system of tracing descent. We have seen that osteo- 
logical differences may be but foundations of sand, because it is certain 
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that such variations take place within very short periods, not only 
in the case of the lower animals, as in the horse family, but in man 
himself. Pigmentation is no true criterion, for we have found a steady 
tendency to change in color in the case of the lower animals from lati- 
tude to latitude, whilst in the case of man the steady shading off in 
color from dark to blond may be traced from the equator to the 
Baltic. Unless, then, we postulate that man is entirely free from the 
natural laws which condition the osteology and pigmentation of other 
animals, we must admit that neither bone nor color differences can be 
regarded as crucial criteria. Further, we saw that the test of descent 
through males or females broke down absolutely in the case of peoples 
who can be proved historically never to have spoken any but a non- 
Aryan language. Finally, we are forced to the conclusion that lan- 
guage, now that we realize what are the laws which govern its borrow- 
ing by one race from another, is really the surest of all the known 
tests of race when dealt with broadly and over wide areas, and not 
merely in the way of guesswork etymologies. 

II. Hitherto I have dealt only with the need of a rigid application 
of zoological laws in studying the evolution of the various races of man. 
In the time that is still left I propose to touch briefly on the vast 
importance of such natural laws when dealing with the native races of 
our great dependencies and colonies, and in our own social legislation. 
I venture to think that the gravest mistakes which at present are being 
made in our administration and legislation are due to the total dis- 
regard of the natural laws, which not only modify and differentiate one 
race from another, but also are constantly producing variations within 
our own community. As physical characteristics are in the main the 
result of environment, social institutions and religious ideas are no 
less the product of that environment. Several of our most distin- 
guished Indian and colonial administrators have pointed out that most 
of the mistakes made by British officials are due to their ignorance of 
the habits and customs of the natives. It has been in the past an 
axiom of British politicians that in the English Constitution and in 
English law there is a panacea for every political and social difficulty 
in any race under the sun. Only let us give, it is urged, this or that 
state a representative parliamentary system and trial by jury and all 
will go well. The fundamental error in this doctrine is the assumption 
that a political and legal system evolved during many centuries amongst 
a people of northwestern Europe, largely Teutonic, and that, too, living 
not on the mainland but on an island, can be applied cut and dried 
to a people evolved during countless generations in tropical or sub- 
tropical regions, with social institutions and religious ideas widely dif- 
ferent from those of even South Europeans, and still more so from 
those of northern Europe. We might just as well ask the Ethiopian to 
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change his skin as to change radically his social and religious ideas. 
It has been shown by experience that Christianity can make but little 
headway amongst many peoples in Africa or Asia, where, on the other 
hand, Muhammadanism has made and is steadily making progress, 
acting distinctly for good, as in Africa, by putting down human sacri- 
fice and replacing fetish worship by a lofty monotheism. This is prob- 
ably due to the fact that Muhammadanism is a religion evolved amongst 
a Semitic people who live in latitudes bordering on the aboriginal races 
of Africa and Asia, and that it is far more akin in its social ideas 
to those of the Negro or Malay than are those of Christianity, more 
especially of that form of Christianity evolved during the last twelve 
centuries by the Teutonic peoples of upper Europe, who are of all races 
farthest in physical characteristics, in religious ideals and social insti- 
tutions, from the dark races of Africa and Asia. This great gulf is 
due not merely to shallow prejudice against other people’s notions; it is 
as deep-seated as is the physical antipathy felt by the Teuton for the 
Negro, which is itself due to the very different climatic conditions under 
which both races have been evolved. The Teuton does not freely blend 
with the black, and even when he does intermarry he treats his own 
half-bred progeny with contempt, or at most with toleration. On the 
other hand, some south Europeans—for example, the Portuguese—are 
said to have little objection to intermarrying with dark races and allow- 
ing the mixed progeny an equal social status, whilst the Arab through 
the ages has freely taken to wife the African, and has never hesitated 
to treat the hybrid offspring as equals. There is thus a wide breach 
between the physique and the social and religious ideas of the African 
and our own; but, as political and legal institutions are indissolubly 
bound up with social and religious, it follows inevitably that the 
political and legal institutions of a race cradled in northern Europe 
are exceedingly ill adapted for the children of the equator. Accord- 
ingly, in any wise administration of these regions it must be a primary 
object to study the native institutions, to modify and elevate them 
whenever it may be possible, but never to seek to eradicate and supplant 
them. Any attempt to do so will be but vain, for these institutions 
are as much part of the land as are its climate, its soil, its fauna 
and its flora. “ Naturam expellas furca, tamen usque recurret.” Let 
us hope for a successful issue for the effort now being made by the 
Royal Anthropological Institute to establish an Imperial Bureau of 
Anthropology whose function will be not only to carry out system- 
atically the scientific study of man, but also to aid the administrator 
and the legislator, the merchant and the missionary. 

IIT. I now pass to my last and most important topic—natural laws 
in relation to our own social legislation. We have seen that environ- 
ment is a powerful factor in the differentiation of the various races of 
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man, alike in physique, institutions and religion. It is probable that 
the food-supply at hand in each region may be an important element 
in these variations, whilst the nature of the food and drink preferred 
there may itself be due in no small degree to climatic conditions. Each 
zone has its own peculiar products, and beyond doubt the natives of 
each region differ in their tastes for food and drink. The aboriginal 
of the tropics is distinctly a vegetarian, whilst the Eskimo within the 
arctic circle is practically wholly carnivorous. In each case the taste 
is almost certainly due to the necessities of their environment, for the 
man in the arctic regions could not survive without an abundance of 
animal fat. It is probable that the more northward man advanced the 
more carnivorous he became in order to support the rigors of the 
northern climate. The same holds equally true in the case of drink. 
Temperance reforms would enforce by legislation complete abstinence 
from all alcoholic liquors, and they point to the sobriety of the 
Spaniards, Italians and other South Europeans, and urge, if these 
nations are so temperate, why should Britons and Irish continue to 
drink beer and spirits in such large quantities? This appeal depends, 
unfortunately, on the false assumption that the natives of these islands 
enjoy the same climate as the people of the sunny south. All across” 
northern Europe and Asia there is a universal love of strong drink, 
which is not the mere outcome of vicious desires, but of climatic law. 
In Shakespeare’s time “ your Englishman was most potent in potting,” 
and this was no new outbreak of depravity, for the earliest reference 
in history to the natives of these islands tells the same tale. When 
Pytheas of Marseilles traveled in these regions, about 350 B.c., he found 
the people making “ wine from barley,” and, though he does not ex- 
plicitly say so, we need not doubt that it was meant for home con- 
sumption. In view of these facts we must regard this tendency as 
essentially climatic. This view derives additional support from the 
well-authenticated fact that one of the chief characteristics of the 
descendants of British settlers in Australia is their strong teetotalism. 
This can not be set down to their having a higher moral standard than 
their ancestors, but rather, as in the case of Spaniards and Italians, to 
the circumstance that they live in a country much warmer and drier 
than the British Isles. We must, therefore, no matter how reluctantly, 
come to the conclusion that no attempt to eradicate this tendency to 
alcohol in these latitudes can be successful, for the most that can be 
done by the philanthropist and the legislator is to modify and control 
it, but especially by moral means. 

I have spoken of the principles at work in the differentiation of one 
race from another. It may be that the same principles or others 
closely allied may be at work within each community, for each com- 
munity is but the whole world writ small. Within the United King- 
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dom itself there are not only different physical types, but very dif- 
ferent ideas respecting marriage and divorce embodied in the laws 
regulating those fundamental institutions in England, Scotland and 
Ireland. If such fundamental differences exist in that most important 
of social institutions, we may well expect that the natural laws which 
differentiate one race from another may be at work within every com- 
munity in the United Kingdom. 

Yet though the world has been ringing with the doctrine of natural 
selection and the survival of the fittest for nearly half a century, no 
statesman ever dreams of taking these great principles into considera- 
tion when devising any scheme of education or social reform. On the 
contrary, it is a fundamental assumption in all our educational and 
social reforms that all men are born with equal capacities ; that there is 
no difference in this respect between the average child of the laborer, 
sprung from many generations of laborers, and one born of many 
generations of middle- or upper-class progenitors ; and it is held that all 
that is necessary to make the children of the working classes equal, if 
not superior, to the children of the bourgeois is the same food, the same 
clothing and the same educational advantages. On that account we 
have devised the so-called educational ladder. Yet if we ask any social 
reformer why are there middle classes, the answer will probably be that 
they are better off. But why are they better off? We are told that 
their fathers and mothers were better off, and that they thus got a 
better chance than the poor laborer. But why were the parents of 
these middle-class folks better off? Oh! they came of families that had 
been long well-to-do. But why were these families long well-to-do? 
At last we are brought to the conclusion of the northern farmer, that 
“ Work mun ’a’ gone to the gittin’ whiniver munny was got,” and to his 
brutal correlative respecting the laborers that “Them or thir feythers, 
tha sees, mun ’a’ bein a laizy lot.” 

Work no doubt has been a main factor in the evolution of the 
middle and upper classes, especially in later times, though undoubtedly 
other qualities, such as superior physique and superior courage, have 
been very important elements in the earlier stages. But at all times it 
is not improbable that the special quality which led to their rise was a 
superior self-restraint, that enabled them to resist the vices which are 
too often attendant on prosperity. This superior morale acts in turn 
upon the offspring by setting up a better standard of life in the home, 
which of itself gives children brought up in such an environment an 
advantage at the outset of life denied to the children of inferior parents. 
It needs no elaborate induction to prove that the middle classes are not 
the outcome of chance, but of a long process of natural selection and 
the survival of the fittest in the struggle for life, the two main factors 
in this evolution being, in the language of Aristotle, heredity and 
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training. Each community is but a microcosm of the whole human 
race, which, as I have endeavored to show, is bound by the same laws 
as the rest of the animal kingdom. One race becomes a master because 
of its superior physique, courage, brain power and morale; another 
sinks in the struggle or lags behind owing to its inferiority in the very 
qualities which have given the mastery to its rival. What is true of 
master races in relation to inferior races is equally true of the indi- 
viduals in each community. The middle and upper classes are in the 
main sprung from ancestors with better physique, courage and morale, 
and who have generation after generation been brought up in a better 
moral atmosphere than the children of the masses. Their ranks are 
also continually being reinforced by the best of the working classes. 
But this is not due to any educational ladder provided in modern times, 
for the process has always been at work, though of course its action has 
been distinctly aided by modern legislation. Medieval history supplies 
many examples of those who, though sprung from the humblest parents, 
rose to high place in church and state. This was not due to any legis- 
lative enactments, but rather to a principle well known in the whole 
field of nature. Every one knows that the superior varieties of flowers 
and vegetables are commonly the “sports,” as they are termed, from 
inferior species. The skillful gardener watches carefully for good 
“ sports,” for they may become very valuable additions to his répertoire 
of useful plants. So, too, the legislator must watch carefully for good 
human “sports,” not for those with criminal propensities. In the 
medieval world the church provided a ladder by which the son of the 
peasant could rise to be the counsellor of kings and princes. In modern 
times the state provides an educational ladder by which the child of the 
humblest parents may rise, if it has the capacity, to the highest posi- 
tions in the community. It is right—nay, essential—that such a 
ladder should be provided, but this ladder is not for the mass of chil- 
dren. The vast majority can never climb beyond its lowest rung, owing 
to their heredity, and in a less degree to their home environment. The 
ladder is for the good “sports,” who by its aid are thus continually 
reinforcing with fresh blood the ranks of the middle and upper classes. 

It may be said that I underrate the number of the good “ sports.” 
Of course it is very difficult to get any exact statistics on so complex a 
subject; but according to information which I have obtained from one 
of our great industrial centers, where the educational ladder enables any 
child who passes the fourth standard in the primary schools before it is 
eleven to rise into the secondary schools, it is probable that no more 
than 5 or 6 per cent. of the children of the working classes have at the 


age of sixteen the same amount of brain power as the average children | 


of the middle classes at the same age. But even all this 5 or 6 per 
cent. of “sports” can not be credited to parents of the working class 


























ZOOLOGICAL LAWS 521 


alone, for it may be that a certain proportion of them must be ascribed 
to middle- or upper-class parents. Of course these rude statistics must 
be corrected by others collected on a large scale all over the country 
before we can form a final judgment; but I believe that the evidence 
already to hand makes it improbable that more than a very limited 
percentage of the children of the working classes have the same ability 
as the average child of the middle classes. 

In ancient days the chief end of the legislator was to produce a 
stalwart brood of citizens capable of bearing arms in defense of their 
country and advancing her material prosperity. Still more ought this 
to be the aim of our legislators to-day, for under modern conditions 
great masses of population are huddled together in a manner hardly 
known to ancient cities. To accomplish this great end, the legislator 
must not merely look to improved housing of the poor and the develop- 
ment of the physique of city populations. He must, as far as possible, 
conform to the principles of the stock-breeder, whose object is to rear 
the finest horses, cattle or sheep. Amongst wild animals nature selects 
the fittest for continuing the race, and the wise breeder simply aids 
nature by selecting still more carefully the best animals. The legis- 
lator, on his part, ought similarly to foster the increase of the best 
element in the state, and on the other hand discourage the multiplica- 
tion of the worst. Yet in our community statesmen of both parties 
have adopted the very opposite policy. The children of the working 
classes are educated at the cost of the state, the offspring of the wastrels 
are given free meals, and already there are demands that they shall be 
clothed at the expense of the ratepayers, and that the parents shall 
even be paid for providing them with lodging. It is not impossible 
that before long these demands will be conceded by either party in 
the state. The heavy additional expense incurred in this policy falls 
upon the middle-class ratepayers and taxpayers, who have to feed, edu- 
cate and clothe their own children at their own expense. I*may be 
said that they can get free education for their children by sending 
them to the state schools; but this is to level down instead of to level 
up; for if they do so they will be lowering the general morale of their 
own class, the most priceless asset of the nation. The heavy burden 
of taxation entailed by this policy, falling as it does with special weight 
on the middle classes, renders it more difficult each year for the young 
men and the young women in that class to marry before thirty, for 
they naturally shrink from the expense of bringing up large or even 
moderate-sized families. We need not, then, wonder at the falling off 
in the rate of increase of the middle classes. Our legislators are bad 
stockmasters, for they are selecting to continue the race the most unfit 
physically and morally, whilst they discourage more and more the 
increase of what we have proved to be the outcome of a long process 
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of natural selection. The present policy, therefore, tends to reduce that 
which in all ages has been the mainstay of every state, the middle class, 
The yoemen of England, the free burghers of Germany and of Italy, 
formed the best element in the Middle Ages. So was it also with the 
great republics of the ancient world. Aristotle, in more than one 
passage, has pointed out that the middle class, that which stands be- 
tween the “excessively wealthy ” and the “very poor,” between the 
“ millionaire ” and the “ wastrel,” are the mainstay of every state, and 
he shows that, where the middle class has been crushed out by the mil- 
lionaire or the mob, ruin has inevitably overtaken the state. Indeed, 
it is clear that the chief defect in the Greek democracies was the small- 
ness and weakness of the middle class, whilst it is notorious that Rome 
prospered only as long as the middle-class citizens flourished. Her 
downfall came when they were extinguished by the great capitalists, 
who made common cause with the masses against them. The latter 
had no patriotism, were incapable of bearing arms, and had no aspira- 
tions beyond free meals and popular entertainments at the expense of 
the state. 

It is of great scientific interest to discover how the short-skulled 
peoples of Asia and Europe became differentiated from their long- 
skulled congeners; it is of great practical importance to apply to the 
administration of our great dependencies and colonies the lessons 
taught by anthropology; but it is infinitely more important to main- 
tain a vigorous stock of citizens for the kingdom and the empire. 
Questions of the origin of races are, after all, only academic; but the 
other two, more especially the last, are intimately bound up with the 
life of the nation. If the present policy of our legislators is adhered 
to, the moral and the physical standard of the British citizen will 
steadily deteriorate, for the population will gradually come to consist 
of the posterity of those who are themselves sprung from many genera- 
tions of the most unfit. Should this unfortunately come to pass, it 
will be the result of human pride refusing to apply to the human race 
the laws which inexorably regulate all nature. 
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By Prormssor JOHN WADDELL 
SCHOOL OF MINING, KINGSTON, CANADA 


| oo twenty years the Canadian government has been carrying on 
experiments in wheat growing under the supervision of the 
director of the Experimental Farm at Ottawa, Dr. William Saunders. 

The United States leads the world in the production of wheat; 
Canada’s growth is only one ninth as large, her export to Great Britain 
during the years 1901-3 was slightly less than one fifth, though in 
1905 it was somewhat more than one half. The year 1905 was very 
abnormal, however. The United States export to Britain was exceed- 
ingly low and was surpassed by those of Russia, Argentina and India. 
But Canada’s growth of wheat, though much less, is greater in propor- 
tion to her population, and in view of the many millions to be fed in 
the United States, it seems natural that before long Canada will 
export a greater quantity than she. Considering the circumstances, 
this is as natural as that America’s output of coal and trade in iron 
should be the greatest in the world. 

But the greater part of the Canadian wheat area is north of the 
forty-ninth parallel of latitude and so Dr. Saunders has experimented 
in growing wheat as far north as possible. The climate in America is 
colder than at the corresponding latitude in Europe, and so far, at least, 
we have no records of wheat being grown in Canada as far north as in 
Russia, but a near approach has been made. Winnipeg’s latitude is 
50°, and wheat has been grown at Dunvegan on the Peace River, on a 
parallel of latitude 414 miles north of Winnipeg; at Fort Vermillion, 
farther down the Peace River, 591 miles by latitude north of Winnipeg, 
and at Fort Simpson on the Mackenzie, 818 miles north. The latitude 
of Fort Simpson is approximately sixty-two degrees or within five 
degrees of the Arctic circle. The length of the summer days com- 
pensates for a lower temperature, and the time of ripening of some of 
the earlier grains is practically the same as in Ottawa. At Fort 
Simpson 107 days were required as compared with 106 days in Ottawa, 
some sixteen degrees farther south. Sixteen degrees south of Ottawa 
is New Orleans. Among the first experiments were comparisons of 
different varieties of wheat and these experiments are still carried on 
continually. Some varieties, probably by far the greater number, are 
cultivated for a season or two only, because they prove to be worthless, 

















524 POPULAR SCIENCE MONTHLY 


but many are sown year after year. These experiments are carried on 
not only at the central station at Ottawa, but at other stations as well, 
chiefly in the northwest. Plots one fortieth of an acre in size are 
found most convenient for the preliminary tests. When varieties are 
tested for productiveness the condition of ground and cultivation and 
seeding are made uniform and it has been found that productiveness 
is in a large degree persistent. Thirty-one varieties of wheat were 
grown year after year for five years, and of these a select list of the 
best twelve was made each year. It was found that there were only 
sixteen varieties that entered this list during the five years, the varie- 
ties that were superior in one year being for the most part superior 
always. Productiveness is, of course, an important consideration, for, 
other things being equal, an additional bushel per acre means an 
annual increase of four million dollars with Canada’s present wheat 
acreage, and a correspondingly larger increase as more land is brought 
under cultivation. 

Red Fife is the standard variety of wheat in Canada. It was 
imported in 1842 by Mr. David Fife, of Otonabee, Ontario, and was 
part of a cargo brought from Danzig on the Baltic, to Glasgow, and 
there transshipped to Canada. Dr. Saunders found that during the 
nearly fifty years that Red Fife had been cultivated there had been 
no deterioration, the quantity and quality of crop were as good as 
ever and in the northwest appeared even to improve. But it is rather 
later in ripening than is desirable where frosts set in early, and one 
of the great objects aimed at has been to cultivate a variety having the 
good qualities of Red Fife and at the same time maturing earlier. If 
also increased productiveness, quality of grain, strength of straw, 
or ability to resist rust could be attained, so much the better. The 
value of early ripening is evident when one realizes that two or three 
weeks’ gain in this respect enables a variety to be grown several hun- 
dred miles farther north. 

One of Dr. Saunders’s first measures was to import varieties from 
all parts of the world where wheat was grown and to test their devel- 
opment under the new conditions. The United States, Japan, Aus- 
tralia, Russia, and even India, contributed many varieties. It was 
fortunate that the collection was so world wide, for the unexpected 
happened. It was found that several varieties from India were among 
the earliest. This proved to be because they were grown in the Him- 
alayas. Thereupon special attention was paid to India, and at a height 
of 11,000 feet a variety was obtained, the Gehun, that has since been 
the subject of much experiment. This, along with the Ladoga variety, 
obtained from the district surrounding the lake of that name, and the 
Onega variety, from near Archangel, has proved the most promising of 
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the early wheats imported and thus an altitude of eleven thousand feet 
in a latitude of twenty-five or thirty degrees offsets a northern latitude 
of sixty or sixty-five degrees at a low level. 

New varieties have been obtained by selection and cultivation of 
natural variations, but a new era was begun on July 19, 1888, when 
the first experiments were undertaken in the cross-breeding of wheat 
on the Experimental Farm, and since that time several hundred new 
sorts have been produced and tested. None of the imported varieties 
which mature earlier than Red Fife were found to equal it in quality, 
and in originating the new productions by cross-fertilization Red Fife 
has in the majority of cases been one of the parents. Ladoga is about 
a week earlier than Red Fife and is fairly productive, and numerous 
crosses were made between the two. The most promising of the off- 
spring were carefully cultivated and subjected to rigid inspection, all 
less desirable sorts being promptly discarded, and the better ones mul- 
tiplied till seed was obtained for large plots. Of the progeny from 
this cross, perhaps the most satisfactory and promising are the Preston, 
a bearded variety, and the Stanley, beardless. These varieties are 
twin. They originated from one kernel. The heads produced the 
first season from this kernel were all bearded, but when the seeds from 
these heads were sown the year following, some plants produced bearded 
heads and some beardless, and afterwards each variation was cultivated 
until the type became fixed. The Stanley is from four to six days 
earlier than Red Fife, is equal to it in milling structure, appearance 
and strength, but a nine years’ comparison shows that on the average 
it is less productive, its yield being 32 bushels, 2 pounds, against 
33 bushels, 7 pounds, in the case of Red Fife. The Preston is as early 
as the Stanley, is more productive than Red Fife, but is of a slightly 
lower grade, worth in the London Corn Exchange about three quarters 
of a cent per bushel less. The value per acre is higher than in the 
case of Stanley or Red Fife. 

Ladoga has also been crossed with White Fife, a variety slightly 
more productive than Red Fife. The most valuable of the progeny 
are Huron, which is bearded, is early and is slightly more productive 
than Red Fife; and Percy, also early, equal to Red Fife in quality, 
but even less productive than Stanley, yielding as a nine years’ average 
about one hundred pounds less wheat per acre than the standard Red 
Fife. 

Neither Gehun nor Onega is very productive, but, as before stated, 
they are both early and of their progeny Early Riga ripens eight or 
nine days earlier than Red Fife. Its productiveness is more than two 
bushels per acre lower than Red Fife, but its content of gluten—the 
most important constituent of wheat—is higher. I quote Dr. Saun- 
ders’s words: 
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The reports on the Early Riga wheat are most gratifying. The proportion 
of gluten found in this variety is about twenty per cent. more than in Red 
Fife and the quality of gluten equal. To find a wheat superior in quality to 
Red Fife is what one would scarcely expect; but to find that superiority asso- 
ciated with so much earliness—from eight to nine days as an average of five 
years’ trial—is highly satisfactory. The general introduction of such a wheat 
will probably extend the wheat-growing area in Canada and make it successful 
at points farther north than is possible with the varieties at present grown. 
The fact that it falls a little below Red Fife in yield is more than atoned for 
by its earliness and quality. The outlook in this connection is most encour- 
aging and the results a triumph of the skill of the plant breeder. 


The relation between the very important varieties described may 








be represented as in the accompanying diagram: 


Red Fife 
33 bush., 7 Ibs. 


Ladoga 
7 days earlier than Red Fife; 


quality poorer. 





Preston, bearded 
4-6 days earlier than Red Fife, 
34 bush., 41 Ibs. 
Strength and color marks 
slightly lower. 
Worth 3 ct. less per bushel. 


White Fife 
33 bush., 15 Ibs. 


| 


Stanley, beardless 
4-6 days earlier than Red Fife, 
32 bush., 2 lbs. 
Equal in milling structure, 
appearance and strength 
to Red Fife. 


Ladoga 


| 





Huron, bearded 
4-5 days earlier than Red Fife, 
33 bush., 11 Ibs. 


Gehun 
Early; not very productive. 


Percy, beardless 
4-5 days earlier than Red Fife. 
Equal in milling structure, 
appearance and strength 
to Red Fife. 


Onega 
Early; not very productive. 











Early Riga 
8-9 days earlier than Red Fife. 
Gluten 20 per cent. higher, equal in quality and color; 
dough slightly darker, reported “creamy white,” 
instead of “ white” as in the case of Red Fife. 


The cultivation of the different varieties was carried on by Dr. 
Saunders and his assistants, but the value of the product was deter- 
mined not only by the chemist of the experimental farms, but by one 
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of the most competent authorities in England and by Mr. Julicher, of 
Minneapolis, one of America’s best known wheat experts. 

Though only a few varieties have been specifically mentioned in 
this article because they have been most thoroughly investigated, yet 
many others show great promise, some of them maturing two weeks 
earlier than Red Fife. These will probably prove valuable not only 
in northern latitudes, but also in cold and damp soils farther south. 
A variety that proves promising at one station is tested at the others 
and if it is satisfactory it is grown in plots larger than the experi- 
mental, and the very best grain is selected for further experiments. 

Until within the last few years experiments on the milling proper- 
ties and quality of flour of a new variety of wheat could not readily 
be carried out because small quantities of grain could not well be 
ground in ordinary flour mills, and several years were needed in order 
to grow a sufficient amount for testing, but now the use of a small 
experimental mill and of the necessary baking apparatus enables every 
new variety to be tested before it is distributed to farmers throughout 
the country. For experiments have not been confined to the Experi- 
mental Farms. After it has been found that a variety proves satis- 
factory on the small scale and in the special localities under the super- 
vision of the government, the seed is sent out to all farmers applying 
for it. The first year 1,149 lots were sent out in this way; in 19096 
over 45,000 samples, each of five pounds, carefully selected and done 
up in strong cotton bags. In order to provide this seed, large areas 
are set apart, chiefly at the stations in the northwest, whence the grain 
is sent to Ottawa for distribution. The very earliest sorts are sent out 
so far only to those places where there is good reason to hope that they 
wil! be of particular value. 

Dr. Saunders calculates that even without including the far north- 
ern territories the Canadian northwest could supply not only sufficient 
wheat for a local population of thirty millions, but have left over three 
times as much as the total import of the British Isles. This is on the 
assumption that one fourth of the arable land is devoted to wheat. 
If the northern lands are made available by the cultivation of very 
early varieties of wheat it follows that the possibilities of Canada are 
immense. 

Dr. Saunders’s work is therefore of the greatest value to Canada 
and must have an influence on the rest of the world as well. 
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COLLEGE STANDARDIZATION 


By Proressor W. LeCONTE STEVENS 
WASHINGTON AND LEE UNIVERSITY 


i fe war between nations the standardization of armies is universally 

recognized to be the first essential of efficiency. The function of 
every leader, every fighter and every carrier is distinctly understood. 
Likewise in the domestic war of commerce, which is chronic, the organ- 
ization of great corporations, with division of labor and singling of in- 
dustrial functions, is the greatest promoter of both production and 
distribution. In theory the great corporation is a public blessing. In 
practise its beneficence has been somewhat concentrated, the benefit to 
the public being only incidental, but loudly proclaimed. The organ- 
ized corporation receives from the state a charter, intended for the 
protection of the unorganized public. The corporation is justly held 
responsible to the state for the performance of the functions specified 
in its charter and for the avoidance of injustice to the public. The 
most troublesome problem of our country at present is connected with 
the enforcement of laws intended to protect the public from the greed 
of corporations, from false capitalization, from unjust discrimination 
in rates, from the corruption of legislation by indirect purchase of 
special privileges. Whether a tariff should be intended for national 
revenue or for protection to the special interests organized into great 
corporations is a question the settlement of which is already clear 
enough, but practically it may perhaps be reserved for a fufure genera- 
tion. Whatever may be its settlement, the corporations are here to stay 
and no return to the simpler conditions of a half century ago can 
be expected. We are adapting ourselves to present conditions and in 
time this problem will be solved as others of no less magnitude have 
been solved by our fathers. 

One of the real benefits to the public due to the existence of great 
corporations has been the development of a general demand for 
standardization. Everything must be measured that can be bought or 
sold. The results of work must be numerically compared; new units 
of measurement must be devised as soon as needed; secondary units 
must be derived from them; and familiarity with these must be readily 
attained by the public. Corporations must be compelled to give to the 
public a correct valuation of properties controlled, of profits earned, 
of wages paid, of business methods employed. Some corporations, such 
as national banks, have been for years already subjected to such regula- 
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tion, with advantage both to themselves and to the public. The enforce- 
ment of the laws relating to banks has rarely ever been a hardship 
except to those that have made themselves unsafe by recklessness. 
Stockholders and depositors have a right to protection; and this might 
easily be denied them if the inspection of banks were denied. Such is 
human nature, that the temptation to dishmonesty is greatly reduced by 
the consciousness of responsibility and the knowledge that untruthful- 
ness in accounts will be sure to bring its own natural punishment with 
little delay. 

In the work of education the process of standardization is as 
inevitable as in other great industries, despite the fact that the train- 
ing of the young is not directly merchantable and that industrial com- 
petition is not so conspicuous here as in transportation or manufactures. 
The American public-school system is an enormous educational in- 
dustry, divided into as many state corporations as there are states in 
the union, and with as many subsidiary corporations as there are cities 
where municipal school systems are supported by local taxation. The 
growth of this aggregation of school industries since the close of the 
civil war has been proportioned to our national growth in population. 
The annual profits can not be expressed in dollars, but the value of the 
system as a popular investment is manifested by the willingness of the 
people to pay for the maintenance of such schools. During the twenty 
years from 1880 to 1900 the population of the United States grew from 
50,000,000 to 75,000,000, and the enrolment in schools from 10,000,- 
000 to 15,000,000; in each case an increase of 50 per cent. In the 
same interval the total estimated property of the country grew from 
$42,000,000,000 to $94,000,000,000, an increase of 119 per cent.; and 
the total expenditure for schools from $80,000,000 to $214,000,000, an 
increase of 162 per cent. 

The rate of increase in expenditure for education was thus about 
one third greater than the rate of increase in wealth. The average 
expense to each person in the country for the maintenance of schools 
:ose from $1.56 to $3.36. For salaries of teachers and superintendents 
the outlay rose from $56,000,000 to $137,000,000. A passing com- 
parison may be here made with the amounts paid by the national gov- 
ernment to the army of war pensioners; in 1880, $56,000,000; in 1900, 
$140,000,000. The function of a war pensioner is to teach patriotism, 
even if he has never been near a battle. His reward has much exceeded 
that of the teacher who has really earned his salary. There is need 
for a consistent system of standardization in comparing the value of the 
war pensioner with that of the teacher. 

In most of our country the system of public education is well 
organized, and through the reports of superintendents every citizen can 
obtain all the information he wishes regarding school expenditures, 
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courses of instruction, standards of scholarship, and general efficiency. 
Each state is supreme in the control of education within its own borders, 
and there is apparently little danger that public education will be made 
subject to the interstate commerce law and thus become subject to 
federal control. Although state organization is not equally thorough 
in all sections, the actual condition of public education in any selected 
state can be well ascertained by comparison of the reports required 
by law from all superintendents. Without the power of federal control 
the national bureau of education prepares and issues an annual report 
embodying a large mass of statistical information and discussion on 
education, most of which is gathered by voluntary contribution or by 
study of reports from all parts of the world. 

When we pass from the domain of public education to that of 
private schools a change becomes perceptible. In the public schools 
there is well-defined gradation into primary, grammar and high schools, 
the high school generally including four years of well-adjusted work. 
In the private school there is no responsibility to the state, and each 
school fixes its own standards. There is more elasticity than in the 
public school, better opportunity for adaptation to individual needs, but 
less opportunity for an outsider to form a judgment of the pupil’s 
attainments on presentation of a certificate of graduation. Much ex- 
cellent work is done, but the opportunities for comparison between 
private schools are limited, and the opportunities for undue claims to 
excellence are great. These schools must continue so long as the need 
for unusual personal attention remains, or as parents are disposed to 
pay for the privilege of social exclusiveness. As they are usually not 
incorporated institutions, they can not be held responsible to the public 
for their standards, and are hence free from such inspection as is not 
specially invited. Some of them advertise largely, and pretentiously 
assume the name of colleges, institutes or military academies. In 
many parts of our country this is done apparently in obedience to 
popular demand, and is an index of the lack of local demand for 
standardization. 

When we begin to consider the vast conglomerate of institutions 
that are incorporated as colleges, universities and technical schools we 
enter a region of chaos. If a school applies to a state legislature for a 
charter of incorporation as a college there is at present no standard 
generally recognized by legislators to determine what is a college. To 
most of them it means merely a school controlled by trustees who 
form a corporate body, and whose liberty must not be limited so long 
as they obey the existing laws of the state. It is greatly the exception 
to find in any state a law intended to protect the public from fraudulent 
colleges. Such a law was passed by New York a dozen or more years 
ago. Its main features are as follows: 

For an institution to be chartered as a college, (1) it must have at 
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least six professors giving their entire time to college work. (2) It 
must require for admission not less than four years of high-school 
work in addition to the preceding full work of the grammar school. 
(3) It must give a course of four full years before granting its degree. 
(4), It must have a productive endowment of at least $200,000. This 
of course excludes the valuation of land, buildings, equipment, tuition 
fees or special benefactions. 

If this law were adepted and enforced in every state of the union it 
would exclude five-sixths of the institutions now bearing the name of 
college or university. Whether such a standard is just or unjust is 
not for these institutions to determine. It depends partly on the 
standards of the preparatory high schools that are under the control of 
the state. No institution should be permitted to assume the name of 
college whose standard of admission is so low as to allow access for 
students who have not completed the full high-school course of four 
years. It depends also on the consensus of opinion among the majority 
of those who are doing college work in the different countries of the 
civilized world. The standard of admission just set forth is below that 
required by the universities in England and on the continent of Europe, 
and above that which has hitherto been possible of attainment in the 
southern parts of the United States, where the high-school course is 
often only three years in length. All standards are the results of agree- 
ment, either tacit or formulated, and the consensus of opinion among 
educators in the more densely populated parts of the United States 
seems to be that the New York law is not unreasonable. 

Most institutions that assume the name of college claim that for the 
average student four years of college work are needed to obtain a 
degree. But obviously if the starting point is low the ending point 
must be correspondingly low, since the capacity of the average student 
is fairly constant. The claim may be made that examination standards 
are kept high in spite of low entrance requirements, so that only the 
best students can expect to be graduated, or even to get through safely 
in the year’s work for a given subject. The present writer once entered 
a college class in mathematics that had sixty members at the opening 
of the session, of whom sixteen were taking the subject for the second 
time. At the close of the session he was so fortunate as to be one of 
only fifteen who were successfully passed. Of the sixteen who were 
second-year men seven had failed, and of the forty-four first-year men 
only six had been successful. The standard of attainment was reason- 
able enough, but the prerequisites for admission had not been so clearly 
expressed as to give an adequate idea of the ordeal to which the 
applicant was to be subjected. If three fourths of a class fail, this does 
not necessarily mean that so large a fraction of its membership is made 
up of students who have been unfaithful or of less than usual ability. 
The amount of teaching may have been insufficient, or the discipline too 
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lax, or the student may have been admitted at his own peril when safe- 
guards ought to have been provided to shield him from certain failure. 
No guarantee of success can ever be given; but, if he fails, his mis- 
fortune ought not to be due to the imposition of a standard that is 
possible for only the exceptional man unless the subject is one that 
implies exceptional scholarship. Unnecessary failure is a calamity, 
and a fairly good student has the right to expect reasonable protection 
from it. Few institutions, however, venture upon such indiscriminate 
slaughter of the innocents as is implied in the case just cited. There 
may, of course, be exceptions, but in the majority of cases the real 
value of a diploma at the end of four years is quite fairly propor- 
tioned to the value of the entrance requirements at the beginning of 
that period. 

The requirement of six professors giving their entire time to college 
work is one to which probably no exception can be taken by any who 
have real knowledge of the meaning of such work. A college to be 
successful must be well organized. Its head must be energetic, tactful, 
a good judge of men, thoroughly appreciative of high scholarship, a 
keen detector of efficiency in teaching, and the possessor of exceptional 
administrative power. Each professor must not only know his own 
subject, and how to teach it, but must be single-minded in his devotion 
to the interests of the institution. To devote most of his time, or even 
any considerable part of it, to the practise of a profession, with teach- 
ing thrown in as an incidental, is to ensure the sacrifice of the student’s 
interests. Through the medium of the press he should keep in touch 
with the public, and especially with the educational and scientific world, 
but his main work is in connection with his students, and his income 
should be such as to make outside work unnecessary. So small a num- 
ber as six of such men is scarcely sufficient to carry on the work of any 
modern college. If the New York law is objectionable the fault con- 
sists in prescribing a number that is too small rather than too large for 
a minimum. 

The assignment of $200,000 as a lower limit for the productive 
endowment of a college is a very moderate recognition of what is im- 
plied in college teaching. With five per cent. as the rate of interest 
such a college would have but $10,000 as its income aside from students’ 
fees. Assuming one hundred paying students at $100 each, the income 
is thus raised to $20,000. Of this, three fifths may be allowed for the 
cost of instruction, the rest being absorbed in the expenses of admin- 
istration and operation. A salary allowance of but $2,000 is hence left 
for each of six professors, the president’s salary being included in the 
cost of administration. The ratio of students to professors would be 
100 to 6, or nearly 17, a number too large for the best efficiency. For 
reasons locally deemed satisfactory, many students are usually admitted 
without the payment of tuition, with no allowance to the professor for 
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increasing his burden, so that the teaching ratio is raised from 17 to 
possibly 20 or more. 

The Carnegie Foundation for the Advancement of Teaching pub- 
lished, in May, 1908, the teaching ratios of 93 leading American educa- 
tional institutions, deduced from data furnished by them. For example, 
this ratio is given for Johns Hopkins as 4.3; Haverford College, 6.5; 
Harvard, 8.8; Tulane, 9.5; Texas, 14.5; Drake University (Iowa), 
25.7. For the 93 institutions the general average is found to be 11.9. 
Disregarding other considerations, the possible efficiency increases as 
the teaching ratio decreases. Since each student ordinarily has 
several subjects of study and thus multiplies the number of persons 
taught at a given time by each professor, an average of 50 in each 
class is allowable, this number being often greatly increased for lecture 
work and diminished for advanced class work. Experience has thus 
shown that for good college work the average teaching ratio should 
not much exceed a dozen, though lecture audiences may be limited 
only by the capacity of the audience room. 

There are seven or eight American universities having each an 
annual income in excess of $1,000,000. Of those which are still will- 
ing to retain the more modest name of college considerably more than 
a dozen have incomes in excess of $100,000, and endowments in excess 
of $1,000,000. Nevertheless the assignment of $200,000 as a minimum 
productive endowment would cause the forfeiture of many charters. 
In early manhood the writer’s first teaching in an incorporated institu- 
tion was in a “university” having a total endowment of $25,000. 
The connection was brief, and so was the life of the institution. The 
legislature that granted its charter was more obliging than well in- 
formed about educational standards. 

A century ago such institutions as Harvard and Yale were almost 
without endowment and their annual budgets were nearly limited to the 
income from students’ fees. But since the close of the civil war the 
growth of our country in wealth has produced unprecedented change 
in standards of all kinds. If the general standard of comfort in life 
rises with the prosperity of those in whose hands the greater part of the 
country’s wealth is concentrated, the standard of college expenses may 
be expected to go up in like manner. Gifts have been showered upon 
institutions with favored surroundings and the ratio of total expenses 
to total attendance has been steadily rising. The college that has age, 
history and respectability without endowment is no longer sought by 
students who are prosperous enough to attend prosperous colleges, and 
its sad fate is not hard to predict. 

With the growth of endowments and the enlarged scale of expendi- 
ture in all institutions of learning the student’s tuition fee has been 
steadily becoming a smaller fraction of the cost of instruction given 
him. He generally pays less than half of what he costs. Every col- 
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lege student is now the beneficiary of organized charity, and the self- 
sustaining college is a thing of the past. The larger the number of 
students the more unprofitable is the work pecuniarily, unless the 
growth in attendance is accompanied by corresponding increase of 
endowment to balance the excess of total annual cost over receipts from 
tuition fees. In ordinary business the condition is reversed; the larger 
the scale the greater are the profits possible. 

From the popular business standpoint the success of a college is 
more readily measured by its number of students than by the quality 
of its work. So urgent is the demand for numbers that it is not un- 
common to see the need for increased equipment disregarded, the 
library prevented from growing and remaining stuffed with out-of-date 
rubbish ; and the professors overworked. As soon as the teaching ratio 
exceeds a dozen the need for increasing the teaching force becomes 
imperative. This can not be done if the endowment is too small to 
permit the payment of living salaries to competent assistant professors. 
The most ready resource is to impose the duty of teaching upon in- 
experienced young holders of scholarships, or to grant the remission of 
tuition fees to selected undergraduates on condition that they perform 
the function of assistants in the laboratory, the library, or the office 
of the language professor. If the efficiency of these undergraduate 
assistants were proportionate to their pecuniary needs, or to their will- 
ingness to do their best, such procedure might have some justification. 
These undergraduate names are recorded, both in the register of stu- 
dents and in the faculty list, and on dividing the number of students 
by this nominally enlarged faculty number the alleged teaching ratio 
is brought down so as to present the appearance of efficiency. The 
public is misled and the college made to appear stronger than is 
warranted by the facts. 

If objection is urged against what has just been set forth, the ready 
reply is that the only way to impress the public and to attract bene- 
factions is to grow rapidly and let the public know it. The resort to 
cheap labor in employing inexperienced undergraduates for assistants, 
and including them in calculating the published teaching ratio, is to be 
regretted ; but it is locally deemed a less serious evil than any check in 
the rate of growth, even if the endowment fund remains stationary. It 
is urged that this course is necessitated by the sharpness of competition 
for students; that catalogue statements must be interpreted liberally, 
because competitors disregard their printed entrance requirements; 
that many preparatory schools do not give four years of high-school 
work, and hence the colleges must adapt themselves to this condition. 
Some school principals reply that they are anxious to give the fourth 
year of work, but can not retain their pupils because the colleges 
admit these as special students; and articulation between school and 
college, though most desirable, is thus impossible. The inevitable 
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result is loss of confidence, on the part of these schools, in the disposi- 
tion of college authorities to deal justly or consistently with them. 
Rapid growth is indeed desirable, but growth of the faculty is quite 
as important as growth of the student body. If faculty growth is im- 
possible then the standard of admission should be raised, and the 
severity of examinations increased, until the student body is cut down 
to such dimensions that an equitable teaching ratio is recovered. This 
necessity is fundamental. A reputation for thoroughness, for strict 
accordance between profession and practise, is better than large num- 
bers. The faculty should be limited to trained specialists, and the 
students naturally expect instruction from teachers of more maturity 
than can be expected from those who are members of the student body. 

There can be no reasonable objection to the employment of student- 
assistants if their responsibility is limited enough and no use of their 
names is made by including these in the published list of apparently 
responsible instructors. To quote from the second annual report of 
the Carnegie Foundation (p. 18) : 

The instructing staff includes every person giving regular instruction in 
the institution except undergraduate assistants. These latter manifestly should 


not be counted in the teaching force even when they give some teaching. They 
are primarily college students. 


For colleges whose feeding schools are largely compelled to limit 
themselves to three years of high-school work an abrupt change te the 
standard of the New York law is very difficult, if not impossible. If 
honestly carried out, the change necessitates great loss in numbers. 
The natural resource for aid is to secure a rise of standard in the local 
high school, which is in no way subordinate to the college and has 
no representation in its catalogue. A student coming with defective 
preparation may resort to this school until the full entrance require- 
ments are fulfilled. Many applicants would undoubtedly be lost to the 
college on account of unwillingness to continue in the high school, but 
this is the price that has to be paid for standardization. Within a 
few years there will be improvement for the college, in both numbers 
and quality, due to the advance of standard. In Virginia the im- 
provement in high schools during the last ten years has been very 
marked, and their reactive effect on the colleges is distinctly recog- 
nizable. 

Among the most insidious of the evils in colleges that strive for 
numbers is the indiscriminate admission of special students, and of 
students on certificate from so-called accredited high schools which are 
not subjected to inspection. The theory of accrediting is that the 
school gives its certificate of graduation only to students who have 
successfully completed the full period of four years, with final examina- 
tions quite equal to the entrance examinations of the best colleges. The 
student takes examination on all his subjects immediately after study- 
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ing them, under conditions to which he is accustomed, and not under 
the harassing stress of a college entrance test. The work of the college 
examining board is thus greatly reduced, and the responsibility for 
the student’s possible failure is borne by those who have taught him and 
have deliberately vouched for him. The school is included in a special 
published list only after careful inspection by the college authorities 
or by a state official. If its pupils fail to maintain themselves credit- 
ably after admission to college the school is dropped from the accredited 
list, with danger to the principal, who may be displaced on the ground 
of incompetence if he is the head of a public school. Such displace- 
ment has been produced more than once in the northwest. If these 
conditions are fulfilled there is little ground for complaint, except that 
the applicant for admission does not take a general review of all his 
work before entering college, and hence he has forgotten much of what 
was once studied. On this account the formal entrance examination 
is estimated to require about a year more of work than entrance by 
certificate. 

But in some parts of our country, notably the southern and south- 
western states, inspection of accredited schools is almost unknown. For 
one college probably an accredited school is merely a school that can 
furnish students, and admission by certificate serves the convenient 
purpose of removing responsibility from the college authorities without 
fixing it anywhere. The president knows his own interests, and avoids 
expressing adverse criticism if a student admitted is found badly pre- 
pared, because the principal may be offended and may advise his pupils 
to go to another college. The principal of M. Academy finds young 
A, who is a good athlete, determined to quit school and get into some 
college team. He knows that a certain college is urgently in need of 
athletes and not exacting about entrance requirements. He gives to A 
a certificate which is accepted on sight, and no questions are asked. 
The football season is better than usual, but A fails in the first examina- 
tion season and drops out. Nobody is held blameworthy, and M. 
Academy is encouraged to send more athletes whenever these can be 
secured. It is not deemed important that four years of solid prepara- 
tion should be insisted upon, but this would be very acceptable if an 
entering athlete comes with such an unusual qualification. Even if he 
has no perceptible preparation he may be admitted as a special student, 
whose name helps to swell the registry list. One such:is known to have 
entered at the beginning of the baseball season, going off with the team 
on the day after registration. On his return, when asked what were 
his subjects of study, the sober reply was, “Latin, economics and 
academics.” Neither the professor of Latin nor of ecenomics ever 
formed his acquaintance, and the professor of academics could not be 
found. But all entrance requirements had been fulfilled for admission 
to spherics, if this name be applied to ball play. The obvious moral is 
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that no special student should be allowed membership in an athletic 
team. ‘The mere fact of such membership is presumptive evidence that 
he is a special fraud. 

The criticisms expressed in the present discussion are the outcome 
of observation, conversation and correspondence extended through a 
number of years. They are applicable, at least in part, to a variety 
of institutions, no one of which is here singled out as a special object 
of attack, either directly or by implication. The facts are well known 
to many who are engaged in the work of college education, and there 
is no wish here to individualize. One of the worst causes of their 
existence has been the all-pervading pressure of intercollegiate athletics. 
An institution with few professors and many students, which has much 
ambition for athletic reputation and therefore has admitted athletes 
with little discrimination, is confronted with an embarrassing choice of 
alternatives. It is well established that the average scholarship of 
athletic teams is low. Those who openly contend that a high standard 
of scholarship is preferable to a high standard of athletics are exposed 
to the danger of unpopularity among students, and perhaps among 
others. Unwelcome criticism based on known facts may be deemed 
inconsiderate or in bad taste, but evils are rarely ever rectified by ignor- 
ing them. 

About a thousand American institutions of learning are said to 
have been chartered as colleges, universities and technical schools, 
or at least permitted to call themselves by such names. There is no 
hope that fraud will cease to be practised among them, for every one 
of them is an index of local civilization, and legislatures are generally 
willing to incorporate colleges whose standards suit their constituencies. 
But a hopeful road to improvement is found if every legislature can be 
induced to follow the example of New York, settling by statute the 
conditions to be fulfilled for the issuance of a charter of incorporation. 
Every such charter should be granted for a limited period, such as ten 
years, and all charters should be revoked if the institutions holding 
them are unable to meet the requirements of the law. The strong 
institutions would not be affected, and would have no difficulty in 
securing decennial renewals. Charters now in existence can not legally 
be affected, but no new applications for charters would be made with the 
plea that these are intended to meet future expectations rather than 
present conditions. It is not to be expected that the law for Virginia 
or California would be the same as for New York or Florida; but the 
valuable gain would be the establishment of a definite standard in 
every state of the union, while the usual condition now is that of no 
standard whatever. The crying evil is false pretense, the assumption 
of misleading names, the claim to excellences that do not exist. 

In contrast with the New York standard may be mentioned a cer- 
tain “university” in Florida. Its catalogue in 1903 presented a 
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faculty list of 69. Of the 450 students 6 were in the kindergarten 
course, 35 in the primary department, 141 in the school of music, 
58 in the college of liberal arts—doubtless very liberal—and 210 
scattered through other departments of less importance. This fortu- 
nate university “received its charter from the Legislature of the 
State of Florida.” Of its faculty “the majority have pursued graduate 
courses in American or European Universities ” and are “ Christian men 
and women”; hence it would be uncharitable to think that good work 
is not done. In the mathematical courses the work offered includes 
“osculation, roulettes, Jacobians, gamma functions, various volutions 
of cubics and quartics, homographic division, reciprocal polars, conic 
invariants, and covariants.” 

The national pure food law has lately mitigated the evils of false 
pretense in the sale of food and drugs. We are in need of similar 
protection against those who secure charters for universities with 
kindergarten departments. The chief function of these universities is 
to nullify the meaning of college degrees. 

In the second annual report of the Carnegie Foundation the presi- 
dent, Dr. Pritchett, says (p. 37): 

Some thoroughgoing financial statement of investments, annual receipts 
and expenditures should be required by law of all chartered institutions. There 
is the same reason for a college to exhibit in a business-like way its financial 


history as for any business concern; and every institution should do this as a 
matter of good faith. 


Probably the mere possession of a charter from the state might 
be considered sufficient reason for the annual rendition of such a 
report to the state superintendent of education. He would naturally 
publish a comparative summary for the different institutions thus 
represented. For the larger institutions the treasurer’s report is always 
printed and is subject to inspection by those who may be specially 
interested in it. The financial statement is summarized by each 
treasurer according to his own plan. Probably it might be best for 
a common plan to be used by all institutions in the same state. Of late 
years there has been so much criticism of “ bought patronage” that it 
would be wise for each institution to publish the total amount remitted 
from students’ fees without mentioning the name of any beneficiary. 
The impersonality of such a statement removes all reasonable objection 
to such publication. 

In addition to its financial statement it would perhaps be very 
desirable that every college should be subject to examination in such 
matters as the maintenance of its professed standards of admission and 
graduation. No detailed investigation of this kind would be possible 
without treading on delicate ground. It has been suggested that this 
function might be delegated to a state commission; but the intrusion 
of politics would be a serious danger, probably nullifying the benefits 
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sought, even if the facts were attainable. In such matters there is 
probably no resource but the assurance that the reputation of the in- 
stitution is obliged in time to suffer if its dealings with the public are 
not what the public wants. If a high standard of admission is pro- 
fessed and violated, students are quick to detect the fact and to 
circulate their impressions; and no prying is needed to learn what is 
generally thought to be the truth. They are the most wide awake 
and relentless critics that the college can have, and they are more 
efficient than catalogues, bulletins or commissions in determining the 
public estimate of its character. 

No national law for the protection of genuine educational institu- 
tions can be secured, because the control of education is not among the 
political powers delegated to congress by the constitution of the United 
States. The case in America is quite different from that in Germany, 
where professors are commissioned by the imperial minister of educa- 
tion. But within the last few years a national agency of great im- 
portance has been brought into existence by the organization of the 
Carnegie Foundation. The Carnegie board has adopted the New York 
law as an initial aid in classifying the American educational institu- 
tions that seek to secure the benefits of the foundation. The grant- 
ing of retiring pensions to those who have grown old in the work of 
college teaching is an uplift that benefits the general cause of educa- 
tion quite as much as the individual beneficiaries of the fund. The 
annual reports and bulletins of this board have been among the most 
important contributions to educational progress that have ever been 
published in this country. In a study of the financial status of the 
professor in America and in Germany the data were secured by which 
an illuminating comparison is made between about 160 of our leading 
educational institutions, including at least two thirds of all those to 
which the name of college, university or technical school is properly 
applicable. Although the first wish of the donor was that the fund 
should be limited to institutions that are not under the legal control 
of church or state, this limitation has been interpreted with the utmost 
liberality. The fund has been enlarged to include state institutions of 
high standard. A college, originally sectarian, may retain with its 
denomination a relation of “ traditional friendship and sympathy, but 
not one of control.” About sixty institutions are already on the ac- 
cepted list, and others are striving to throw aside denominational 
shackles or to improve up to the standardized requirements. To at- 
tain an end by causing competitors to strive for a prize is better than 
to make them obey what they may deem a repressive law, even if the 
law is judicious. The Carnegie Foundation is quietly preparing all the 
states of the union for improvement in their laws about the chartering 
of colleges, and it is to-day the most effective agency that tends toward 
college standardization. 
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ASPECTS OF MODERN BIOLOGY? 


By Proresson T. D. A. COCKERELL 
UNIVERSITY OF COLORADO 


D URING the latter part of August, last year, the International 
Zoological Congress met at Boston. This circumstance was not 
very widely heralded by the press, nor did it make an impression on 
the public mind at all comparable to that ordinarily produced by any 
serious crime. Nevertheless, it was an event of the first importance, 
this gathering of the zoological forces of all civilized countries to take 
stock of the progress of the science and exchange fraternal greetings. 

To present any summary of the things said and done at that meet- 
ing is neither desirable nor possible at the present time; but it may be 
useful to consider what it all meant—where zoology now stands, and 
what it stands for. 

Most typical, perhaps, of the whole trend of zoological thought was 
the address of Professor William Bateson, of Cambridge University. 
It dealt with the subject of genetics; the genesis of things, cells, indi- 
viduals, species. It told of sequences actually observed rather than 
contemporaneous facts arranged in rows. The methods advocated were 
experimental, the range of investigation was the whole field of life. 

At the same time, the geneticologist did not refuse to recognize the 
value of the other methods of research. Said Professor Bateson: 
“When morphology was a new idea, everything was sacrificed to its 
pursuit. Physiology, systematics, all were discarded as useless lumber. 
Let us not repeat that short-sighted mistake. In the wider survey 
which we are attempting we shall need all these things. If we are to 
understand rightly the phenomena of specific difference—to take that 
problem only—we shall be glad of anything that the systematist can 
tell us, and of many deductions of pure physiology.” 

The old natural history is having a new birth, with new hopes and 
aspirations, but with the same unity of interest and of purpose. With 
the growth of science, specialization was necessary and desirable. Yet 
as time went-on and zoology not only grew apart from botany, but the 
various branches of zoology seemed to have different languages, it 
appeared as if a tower of Babel would result. Even the systems of 
nomenclature for genera and species, ostensibly the same throughout, 
came to differ appreciably in different departments; and the various 
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specialists were 80 segregated that they were scarcely or not aware of 
the fact. The grouping was sometimes according to classes, orders 
and families; sometimes according to physiological or morphological 
aspects of things; but everywhere it seemed that narrowness increased, 
and that broad conceptions of the Darwinian type were fading away. 

The new attitude typified by Professor Bateson not only unifies the 
branches of zoology, but makes zoology and botany one. Greedy for 
the results of special research in every department, it yet makes all 
serve a common end. So far from despising or discouraging the most 
minute enquiries in limited fields, it gives them all a new purpose and 
new meaning, as contributory to the philosophy of life, which is, indeed, 
the sum of all philosophy. We find ourselves at that meeting point 
of monism and dualism, of synthesis and analysis, where the electric 
spark of human understanding always has had and always will have 
its birth. 

Professor Forel, of Switzerland, in a recently issued book, has called 
attention to the difference between mathematical and ordinary reason- 
ing, including in the latter the methods necessarily employed in the 
biological sciences. In mathematics, we start with certain postulated 
facts, and given definite methods of procedure, climb up a ladder of 
argument, each part of which is supported by the one below. An error 
at any point vitiates the whole piece of work; while, if there is no error, 
the result is said to be demonstrated beyond dispute. Systems of logic 
have been constructed in the same manner, and such processes have 
found great favor with lawyers and theologians whose main purpose 
has been to support theories rather than ascertain the truth. 

In the natural sciences, as in the every-day affairs of life, the method 
is entirely different. Desiring to determine the state of things at any 
point in time or space, we converge upon it all the pertinent evidence 
we can secure, and form a judgment upon the collection. We do not 
profess to exclude the possibility of error; rarely do we feel so well 
supplied with facts that others are not welcome. Those of us who have 
worked long among biological facts have so often made mistakes, or 
discovered the mistakes of others, that we have become somewhat more 
humble-minded and less assertive than we used to be. This humility, 
however, is coupled with a keen sense of the tremendous weight of 
evidence in favor of certain conclusions. We do not assert that we 
must be right, but we at least demand an equivalent load on the other 
side of the scales before changing our opinion: a demand not readily 
comprehended by those to whom our body of facts is invisible. 

In Colorado to-day we find existing many millions of individuals of 
animals and plants, presenting extreme diversities of form, color and 
size, and distributed in certain particular ways. It is the business of 
the naturalist to find out the how and why of all this, so far as he can. 
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Before he attempts to formulate general laws, he must collect his facts, 
and examine them in detail. He goes out, perhaps, and gathers a 
flower: let us say the blue flax, Linum lewisii. The very name tells 
him something of its history; it was called Jewisit in honor of Meri- 
wether Lewis, of the famous Lewis and Clark expedition. It has been 
known since 1814, and has been collected by many botanists. Turn- 
ing to the published records, it appears that it has been found as far 
south as the mountains of Mexico; as far north as Alaska. It does 
not occur in the eastern part of the continent, north or south. Among 
the native plants of America it has only one close ally, a smaller plant 
called Linum pratense—we may call it the prairie flax—which occupies 
open ground east of the Rocky Mountains from British America to 
Texas and again appears in Arizona. 

In Europe and Siberia, however, there are closely similar plants; 
so like our Linum lewisit that for many years our plant was not sepa- 
rated. Furthermore, there are various other species of Linum or flax 
in the Old World, some of them strikingly different from ours. These, 
some with blue, some with red flowers, are more closely related to one 
another than to the yellow-flowered flaxes, which have lately been placed 
in a separate genus. 

From all these facts, it is permissible to assume (in the absence of 
contrary evidence) that the genus Linum, in the restricted sense, 
belongs especially to and probably originated in the temperate regions 
of the Old World. This opinion is fortified by the discovery of a 
species (Linum oligocenicum Conw.) in European amber of Tertiary 
age. We imagine, then, the true flaxes originating perhaps in central 
Europe or Asia, segregating into various distinct species, and finally, 
perhaps during the Miocene period, invading North America. From 
the present distribution of the plant, we should naturally infer that it 
came by way of Bering Strait, not across the Atlantic; and from its 
slight divergence from the Old World stock we should think of it as 
a comparatively recent immigrant. The prairie flax, occupying a lesser 
area, and not so similar to the Old World type, is regarded as an 
offshoot from Lewis’s flax, adapted to life on the pfairies, the former 
occupying the mountains. 

Leaving the fiax for the moment, our naturalist hunts about and 
picks up a small shining cylindrical shell known as Cochlicopa lubrica. 
This snail is distributed widely over the continent, from Canada to 
Alabama, and west to the Pacific coast region. It is very constant in 
its characters, but in a few states has given rise to a variety or closely 
allied form of larger size called morseana. There are no other Amer- 
ican allies. 

So far, there is no apparent clue to its history; but when we turn to 
the eastern hemisphere we find a very different state of affairs. In the 
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regions surrounding the Mediterranean there are dozens of species of 
shells of the same general type, while C. lubrica itself is widely spread 
over the whole of Europe. Moreover, this species lubrica, so constant 
with us, is there much more variable, so that nine varieties have been 
found in the British Islands alone. 

The presumption is, then, that the snail, like the flax, is of Old 
World origin, and represents a comparatively recent invasion from the 
ancient area of distribution. This is supported by the occurrence of 
allied but distinct genera in Europe and adjacent regions. 

Further investigation reveals hundreds of other cases similar to 
those of the snail and the flax, and so it becomes more and more prob- 
able, finally practically certain, that we owe a considerable part of 
our fauna and flora to the immigration of animals and plants which 
has reached nearly their present condition on the other side of the 
world. We ourselves, of course, belong in this category. 

Having arrived at this point of view, the subject must not be 
dropped, but should be attacked from another side. If America has 
been overrun by Old World types in comparatively recent times, it 
should be possible to get some idea of the time of these invasions by 
examining the fossils of various strata. Unfortunately, the paleon- 
tological record is very imperfect, but it yet yields facts of prime impor- 
tance. We find that certain types, living in Colorado to-day, have lived 
here with only slight modifications for many thousands, perhaps some 
millions, of years. Others are totally absent, so far as our information 
goes, from the older Tertiary strata, but negative evidence of this 
kind must always be received with reservations. Others, to-day only 
found in Asia, Africa, Europe or South America, were conspicuous 
members of the Colorado biota. Here we find facts which throw doubt 
on some of our previous conclusions. The Equide, or horse family, 
have to-day numerous members in Africa and some in Asia, but none 
whatever in America. Yet we have evidence from the fossils that there 
were formerly horses in America, and that they actually evolved on 
this continent.. The disease-carrying tsetse flies are to-day exclusively 
African and might well be thought a peculiar product of that conti- 
nent, but a species has turned up in the Colorado Miocene! So with 
other cases, all tending to show that it is not safe to assume without 
question that the original center of a group is the region where it is 
now most abundant and varied. We do not thereupon decide that the 
evidence from present distribution is valueless; in many more instances 
it leads to exactly the same conclusions as might be derived from the 
fossils; but we recognize the importance of supplementing one kind 
of fact with another, and considering all together when forming con- 
clusions. When using the pgleontological evidence, we are struck by 
the differences between the fcssils of successive strata and are always 
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inclined to regard these as indicating widely different periods. Here 
the facts of present distribution serve to make us hesitate. Different 
altitudes, different soils, different conditions of moisture and so forth, 
produce to-day very distinct sets of animals and plants, even in the 
same immediate region. Or, if we are dealing with marine forms, a 
littoral and a deep-sea fauna of precisely the same age would be very 
different; indeed it is doubtless not an exaggeration to say that the 
present shallow-water fauna of the Atlantic coast resembles the shallow- 
water fauna of Middle Tertiary times much more than the deep-sea 
fauna of to-day. Considerations of this sort have led careful paleon- 
tologists to attempt to estimate the climatic and other conditions sur- 
rounding the subjects of their investigations; thus, for instance, Dr, 
Matthew, in discussing the Tertiary mammals of northeastern Colo- 
rado, concludes that one series represents a plains or prairie fauna, the 
other a forest one. These are not of the same age, but the difference 
between them is clearly to be attributed to environmental conditions 
as well as the lapse of time. 

Thus in the course of our enquiry we come back to the modern biota, 
and find it necessary to ascertain as accurately as possible what condi- 
tions permit the existence and migration of the several species. 
Neither the blue flax nor the snail exists everywhere within the region 
which we said, in general terms, that they occupied. The flax occurs 
at various altitudes, up to 10,000 feet, but always in more or less open 
places, in dry or at least not very moist soil. The snail also lives at 
different altitudes, but in moist places under vegetation. Thus, 
although when plotted on a map the ranges of the two would appear 
to largely coincide, it is probable that they never, or almost never, 
actually exist together. While spreading over enormous areas, they 
have picked their way, as it were, from one suitable spot to another, 
showing thereby how closely they are dependent upon a particular set 
of conditions. In a general way, mountains may be said to favor'the 
spread of both, and for either the desert is an impassable barrier. 

When we have ascertained the necessary conditions of moisture, 
heat, light, etc., we have not nearly solved the problem. Very impor- 
tant, in nearly every case, is the living environment. In the case of 
the flax, we know that it is very injuriously affected by an orange rust 
(Uredo lini (Pers.) Schum.), which extends practically throughout its 
range. This rust infests not only the blue flax, but other species as 
well, including some of the yellow ones. Consequently, when two 
geographical groups of flax plants meet, whether they are of the same 
species or diverse, there is always a possibility that one will convey the 
rust to the other, supposing that they are not both already infested. 
The same sort of thing is true of diseases of animals, as many races 
of men have found to their destruction, upon mingling with the white 
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man. The competition between allied species is thus often indirect, 
one destroying another by conveying to it some disease. 

The flax is visited by various bees, which I have studied and 
recorded ; these carry the pollen from flower to flower, and thus aid in 
pollination. Whether the necessary bees are always present, is not yet 
known; but their presence in numbers must be a favorable factor, and 
thus an important element in the living environment. 

In the case of the snail, although it is so common, we know little 
or nothing about its natural enemies. 

The more we study living creatures the more we become impressed 
by the complicated conditions necessary for the preservation of the 
higher forms, and the possibilities of local or complete extermination. 
As we determine these more accurately, we feel able to return to the 
fossils, and from them restore the past in much more detail than at 
first seemed possible. If a snail or a slug crossed from Asia to America 
we presume that it not only found continuous, or nearly continuous, 
land, but also that it did not traverse any desert. The path of migra- 
tion of the blue flax was not, it is virtually certain, across a lowland 
region or swamp. Making all allowances for what are called acci- 
dental means of transportation, it ought to be possible to infer some- 
thing about the pathway of a considerable number of species. 

In all of these researches, success and failure are inextricably 
mixed, at least as regards the details. In no case can we gather all 
the pertinent facts; our knowledge of even the commonest species is 
very deficient. Yet, when all is taken together, we find ourselves like 
the man who said he lost on every job, but was able to make money 
because of the multitude of them. The number of known species, 
living and extinct, is enormous, and the data we have gathered, when 
suitably sorted and arrayed, will point to many definite conclusions. 
More especially is there reason to hope for good results to be derived 
from studies which past investigations have merely suggested and shown 
to be possible. 

As a matter of history, as food for the imagination, it is interesting 
enough to watch and take part in the reconstruction of the past, espe- 
cially when we are able to do this with a reasonable degree of com- 
pleteness, as at Florissant in Colorado, or ningen in Germany. Much 
more, however, may come of these investigations. The problems of 
evolution, the intricate questions of heredity and variation, may be 
answered in part by such means as I have described. 

The experimentalists, represented by Bateson, De Vries, Tower, 
MacDougal, Davenport and many others, have ascertained that what 
appear to be new species or races may arise suddenly by a process 
termed mutation. It even appears that in certain cases this process 
may be brought about by artificial means, such as differences of humid- 
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ity, or certain substances in solution, supplied at the proper moments. 
The obvious suggestion is, that species are more readily modified than 
is commonly admitted; and that in particular they are likely to be 
so modified on the borders of the territory they occupy, where they 
continually impinge on unaccustomed environments. 

To show that this is possible is a most important step; but we still 
have to enquire how far has it actually occurred? In the case of our 
flax, we have an excellent example of the production of a new form on 
the ‘periphery of the old, permitting expansion through modification ; 
but only one such derivative seems to have been produced. In other 
instances, as the experimentalists have shown, the apparent instances 
are illusory, the supposed geographical segregates being merely exam- 
ples of a single type variously modified by the direct action of the 
environment. The most striking evidence of this sort has been fur- 
nished by Beebe, who has produced in certain birds, by means of humid- 
ity, more difference that has been accepted as sufficient for the dis- 
tinction of subspecies. Leaving out all such phenomena, we still have 
a great series of closely allied species, with undoubtedly inherited char- 
acters, presenting the same kinds of differences as have been observed 
to arise by mutation, sometimes apparently as the direct result of par- 
ticular stimuli. What do these phenomena mean in the practical work- 
ing out of evolutionary processes ? 

If we know in a general way the age of particular types and the 
extent of their migrations, we can begin to form an idea of their prac- 
tical mutability. The vertebrate paleontologist finds evidence of re- 
markable changes within the Tertiary period, but even he has to admit 
that the course of evolution is not so rapid as it might seem; that new 
forms suddenly appearing must surely have migrated from other 
regions, where they doubtless underwent a slow process of development. 
Central Asia, we must now think, must have been the home of various 
groups, and will one day yield fossils of surpassing interest. Africa, 
once seeming so barren paleontologically, has of late begun to yield 
her treasures. 

The student of fossil invertebrates finds the process of change to 
have been, in the majority of cases, extraordinarily slow; and the paleo- 
botanist finds it slower still. It is not that plenty of specific forms 
were not produced, but the generic and higher types were so little sus- 
ceptible to change. A wrong impression has been produced, even 
among the vertebrates, by the presence in different strata of remarkable 
extinct groups. No doubt two or three species of elephants walking 
about in our mountain-parks would give a strikingly different appear- 
ance to the Colorado landscape; but the time since this actually occurred 
is, geologically speaking, very inconsiderable, and does not represent 
any great step in the process of evolution. The more I study the 


























ASPECTS OF MODERN BIOLOGY 547 


insects and plants of the Florissant Miocene, the more convinced I 
become that, speaking broadly, the extinct genera and higher groups 
are not the ancestors of any now living, but represent types which have 
failed, like the mammoth; while the real representatives of the modern 
biota show that there has been singularly little forward evolution in 
the course of perhaps a million years. Many of these are totally extinct 
in Colorado, but live elsewhere; thus the redwood differs little from 
that of California, while the wonderfully delicate and fragile Halter, 
belonging to a family no longer living in North America, is: closely 
related to a living species of Persia. - 

Hence the experimental researches of De Vries and others, proving 
that mutation is a relatively common phenomenon among plants, 
prove perhaps too much. If change is so easy, why so little change, 
and that in the face of a radical change in temperature and moisture? 
It seems, indeed, that “ elementary species ” have always been produced 
in greater or less abundance, but by a sort of oscillation less related to 
the forward march of evolutionary activity than we might at first sup- 
pose. The ability to produce heritable segregates, especially in the 
face of adverse or strange conditions, is clearly of advantage, as giving 
new chances for spread or survival. Thus in the long run the tendency 
to break into “elementary species” would in many cases be favored 
by natural selection, without any necessity for each one of these, or 
even the majority, being directly related to a particular environment. 
There is no reason, apparently, why this should not continue for ages 
as an oscillation-process, a segregation in space rather than in time, 
producing thousands of species without overstepping the limits of the 
general group, or perhaps advancing at all in complexity. The mol- 
luscan genus Ostrea, the oysters, may be taken as an example of this; 
indeed, the modern oysters scarcely do justice to their Cretaceous ances- 
tors. When it was generally held that species were created by divine 
fiat, it naturally appeared that he who should explain the origin of 
species might be given the rest without further charge. We are coming 
to see that there are diverse problems involved, and while the whole 
matter may well be locked up in the evolution of any single species, or 
indeed of any single cell, we begin to doubt whether we really possess 
the key. . 

Speaking philosophically, progressive or orthogenetic evolution— 
the existence of which no naturalist has any ground for doubting—must 
have a cause external to itself. All probability favors the idea that 
this did not operate once for all, but has continued in action throughout 
the ages. It may be found, perhaps, in the susceptibility of the hered- 
itary mechanism to environmental influences of particular kinds, the 
nature of which remains for the present obscure. These reactions 
would fall under the operation of natural selection from the very 
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beginning; thus a too susceptible organism would quickly be thrown 
out of gear and would perish; a too conservative one, unless adapted 
to practically unchanging types of life, would equally perish. There 
would be a certain optimum susceptibility, which would be preserved, 
and would differ for different groups. More than this, certain kinds 
of susceptibility would be favored, and being once developed might, 
like bad habits, become harmful through the accumulation of results, 
resulting in extinction. Thus rapid evolution would usually go with 
a high percentage of failures, and a considerable number of grotesque 
forms, such as we see among the vertebrates. According to this view, 
the initiation of any evolutionary trend, except the oscillatory move- 
ments above described, would be exceedingly slow, and quite beyond 
the reach of experimental methods, other than those furnished by 
nature in the course of ages; hence, as Osborn has indicated, the great 
importance of paleontological researches. At the same time, while the 
processes which change the fundamental character of animals and 
plants may be too slow to observe, it is not to be doubted that very 
much light may be obtained by the experimental method, if only by 
way of showing us what it is that has been evolved—a thing we seem 
not to have clearly known. If the control of orthogenetic changes is 
reserved, as it were, for the gods—and we, doubtless, should only make 
a mess of it—we may be well satisfied if we can take advantage of the 
oscillation processes, which experimental researches are showing to be 
far more extensive and much easier to control than had previously been 
suspected. 
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LOYALTY? 


By Proressor JOHN C. BRANNER 


STANFORD UNIVERSITY 


HAT little I shall say is about personal loyalty. It is due 
myself that I should explain that the greater part of this 
address was written more than two years ago, and especially for my 
own students, who frequently have to meet certain ethical problems in 
connection with their professional work. Within a few months there 
has appeared a book upon loyalty by a distinguished philosopher? who 
deals with the subject in its broadest and best sense. I make haste, 
therefore, to say that I do not attempt to discuss the subject in any 
large sense. What I have to suggest is not spoken with the authority 
of the philosopher or with the philosopher’s subtle reasoning. I can 
only give my personal impressions and views of the subject without 
regard to its philosophic bearings. I should add, however, that in 
Professor Royce’s lectures you will find ably dealt with the many 
problems that naturally arise in connection with this subject. And 
whether you agree with all he says or not, you will find his book one 
of the most helpful and inspiring that has ever been published in our 
country. 

I must premise also that what I say is said in a spirit of perfect. 
frankness and on general principles, and has no reference to any par- 
ticular occasions, circumstance or persons. The subject seems to be 
especially worthy of your attention just now because the habit of 
loyalty is one that may be cultivated during your student life; it cer- 
tainly will not spring into full-fledged development at some future 
time when it happens to be wanted. 

I am often asked about points of practical professional ethics, and 
it is chiefly in connection with this phase of the subject that I have 
thought that it would probably interest you. Loyalty is going to be 
an important factor in the making of your character, and even, if you 
care to look at it in that light, an asset in your profession, or in your 
business. 

Perhaps I lay a little more stress upon this point because I come 
of a people who habitually place a high estimate upon every phase of 
loyalty. We seem indeed to have exaggerated or distorted ideas of 


* An address to the student body. of Stanford University, September 9, 1908. 
*“The Philosophy of Loyalty,” by Josiah Royce, New York, 1908. 
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loyalty, and we rather overdo the thing at times in the southern states 
where we keep up family feuds one generation after another, and vote 
with one political party all our lives through thick and thin. In his 
story of “ Red Rock,” Thomas Nelson Page expresses the more serious 
southerner’s view when he says of the soldier, “ It is loyalty, not success, 
that is knightly ” (p. 145). 

Without making any fine distinctions, I start with the proposition 
that loyalty is the most valuable attainment, if we may call it ‘an 
attainment, or the most valuable trait of character, if that is a better 
name, that any man or any people can have in this life. And I chal- 
lenge any one who questions this theory to put the matter to any test 
he chooses to apply from the highest moral standards down to the 
lowest commercial ones. 

Now loyalty has to do with our relations to principles, to organiza- 
tions, to communities and to persons. I would have it distinctly under- 
stood that I regard loyalty to a right principle as the highest type of 
loyalty, and the kind that must always be most satisfactory in the end. 
Practical illustrations of the importance of the professional forms of 
loyalty are constantly falling under our attention, and it is chiefly of 
these that I shall speak. ‘These lower types consist in loyalty to organi- 
zations of various kinds and to individuals. As many people insist 
on the commercial standards of values let us see, if we can, what 
business men think of it. 

When you get through your university studies and go out into the 
affairs of life, if you become employers of other men, you will lay great 
stress on the loyalty of those you have about you. You may not put 
it to yourselves in just this form, but if you are wise, you will none 
the less be influenced as much, or even more, by the loyalty of your 
employees than by any other one quality they may have. You will say 
of every man you engage: “If I can’t trust this man to think of and 
work for my interests, I don’t want him around, no matter how skilful 
he may be in his particular line of work.” 

If you seek employment under others you must. surely count on 
having to meet this test yourselves, for this will be the unfailing 
attitude of your employers. And the more important the position you 
are to occupy the more weight will be given to this particular trait of 
your character. 

The matter simply reduces itself to this, that a man who is not 
loyal is not wanted by anybody for anything. 

In a business like that of mining, consulting geologist and the like, 
what do you suppose a man would be worth who was not loyal to the 
interests of his employer? How long would any one keep an employee 
who was not loyal? How long ought he to be kept? 

Let us take a simple case: Imagine a man employed to examine 
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and report on a given piece of property who sells or turns over to 
outside parties information belonging to his employer, or who uses it 
for his own personal ends. Can anything be farther from the object 
for which men are employed, more base, more dishonorable ? 

Let us have the opinions of men of wide experience. I once recom- 
mended a young man for the position of assistant to one of the leaders 
of science in this country, who wrote back to make further inquiries, 
and wound up with this: “I want a man who is orderly, interested in 
the work and who will devote himself to my interests. If he will not 
devote himself to my interests I don’t want him, no matter how com- 
petent he may be.” 

Dr. Rossiter W. Raymond, the venerable secretary of the American 
Institute of Mining Engineers, a man who has perhaps had a larger, 
more varied and more honorable career in connection with mining 
operations in this country than any other one man, says on this 
subject :* “ Loyalty commands to-day the highest price in the market: ” 
and he says much more to the same effect. 

In one of the large banking houses of New York City this notice 
is posted up in full view of prospective customers: “If you can’t 
cooperate, don’t come round.” 

A few days ago I saw a letter from the manager of one of the 
largest mining companies in the world which contained the following 
reference to a man who had not been loyal to his employer: “I per- 
sonally consider that a pick and shovel are the only instruments a man 
should be allowed to use who abuses his employer’s confidence.” 

I doubt if the man who says this would want such a person about 
him even to use his pick and shovel. For if a man is not loyal, no 
one trusts him, no one feels comfortable with him around, and no 
one wants him at any price, or for anything. 

Loyalty is so highly esteemed by most people that one is ready to 
overlook slow head, slow hands and slow feet where loyalty exists, while 
without it no skill or agility of mind or body makes one a desirable 
employee. 

In large enterprises where many men have to cooperate, the lack of 
loyalty throws all the machinery of organization and administration 
out of gear; nothing runs smoothly. 

Employees, assistants, partners and colleagues are wanted to help, 
to render service, not to hinder, to bring disorder and disorganization 
into an enterprise, no matter whether that enterprise is a great in- 
dustry or a small one, a club, a fraternity, an organization of any kind 
whatever. No institution can long survive without the loyalty of its 
members to the common interest and purposes of its organization, and 
to each other. 


* Engineering and Mining Journal, June 23, 1906, p. 1199. 
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It may occur to you that it is too much to ask that self-respecting 
men should fall down and grovel in the dirt at the feet of every selfish 
dollar-chasing employer. Nothing of the sort is expected. A loyal 
man can not only stand up straight, but he can stand just a little 
straighter than any one else, for no one so much as he has the mind 
conscious of rectitude. 

You may fairly ask what is to become of loyalty when the condi- 
tions make it impossible. One always has a remedy in his own hands: 
he can quit, and carry with him a gentleman’s self-respect, for without 
that there can be no loyalty worthy of the name. 

There are certain things that loyalty does not demand of us. For 
example, it does not require us, in being loyal to one person, to be 
disloyal to others. Environment and education often lead us to look 
at things differently, and honest men may conscientiously differ, but we 
are bound to respect the attitude of other people, or as Professor 
Royce puts it, to be loyal to the loyalty of others. 

Again, loyalty should not lead us into excesses that work wrong to 
others. It is a common misconception of loyalty to imagine that one 
must back his personal friend for anything and everything he happens 
to want, regardless of whether he is fit for it, and regardless of the 
rights of others. It is unnecessary to say that such an attitude is not 
tenable. Loyalty to the principles of justice and right will not permit 
that sort of thing. 

But there are usually two parties to loyalty, especially in matters of 
employment and in all organizations where there are superior officers 
under their various titles or wherever the personal element enters. It 
can not all be on the side of the employee or of the subordinate. The 
employer, the head of the firm, the superior officer and the organization 
itself owes loyalty to employees, to partners and to colleagues. And 
it is this loyalty to each other that constitutes esprit de corps, that 
enables organizations to pull together, to work to a common end, to act 
in concert, to stand together in all things and to one big purpose. 
Moreover, those who expect loyalty are bound by every sense of decency 
and propriety to be worthy of loyalty, and to be loyal in return to those 
of whom loyalty is expected; that is a sine qua non. No one can long 
be loyal to a man who backbites, belittles or sneers at his employees 
or his colleagues behind their backs. 

And what I say of loyalty is true not only here among us, in our 
own community, in our own country, and in our own time, but it is 
equally true of every quarter of the globe and of every age. 

In commending loyalty to you I am not raising any questions about 
right and wrong. And even if I should raise such questions, there are, 
as Professor Royce points out, conflicting loyalties. I suspect that 
loyalty, like love, is blind. Who, when he sees his brother attacked, 
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stops to ask whether his brother has the right of it? The loyal man 
simply says, “ We'll settle that later, but for the time being I stand 
with my brother.” And loyalty doesn’t look to see whether the battle 
is to be lost or won. 

Remember too that loyalty, like charity, begins at home. When 
can one see a finer sight than that of a family that stands compactly 
together, helping and encouraging one another within, and defending 
each other from without. 

As students in this, to you, new community, I trust you will ever 
remain loyal to the high resolves you bring with you, loyal to the com- 
munities, the schools and the friends you have left behind, and that you 
may cultivate here a new loyalty to your alma mater, to your class, 
and to whatever organizations you belong, and above all loyalty to the 
purposes of your education. Never lose sight of the important fact, 
however, that loyalty demands submission to-the rules of your order 
or organization; no properly constituted society will admit a member 
who will not subscribe to its constitution and by-laws. In practise you 
will not be called upon to do anything spectacular, but you will have 
to impress upon yourselves the necessity of steadfastness of purpose. 

And don’t expect too much of anybody. We are all human, and 
human frailties are in our blood and bones.. Whether the object of 
your loyalty to a person, an organization, a party or a principle, you 
must not expect it to be perfect. None of the relations of this life are 
altogether satisfactory. 

As a citizen be loyal to the legitimate and reasonable interests of the 
community in which you live, and you will not be found lacking in 
loyalty to the country at large. It is of loyal citizens and of loyal 
citizens only that great nations are made. Tyrants can not long op- 
press, nor can powder and bullets conquer, a people permeated with and 
true to such sentiments. 

You will note that loyalty demands that you assume certain risks. 
This is inevitable. Loyalty without risks must be of a pretty poor 
quality. If there is anything especially pusillanimous in human nature, 
anything that one instinctively despises, it is the disposition to stand 
aside when there is danger to be faced, or to wait to see which side is 
going to win before choosing that particular side. Take the risks and 
go cheerfully forward. 

Loyalty is one of the big and far-reaching virtues; it makes trust- 
worthy men and great men; as a national virtue it makes a people 
great. For if it is love that makes the world go round, it is loyalty 
that holds the world together. 
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THE STORY OF PROFESSOR RONTGEN’S DISCOVERY 


By ELMER ELLSWORTH BURNS 


CHICAGO, ILL. 


HE discovery of X-rays was announced by Professor Réntgen in 
December, 1895, in a communication to the Physico-medical As- 
sociation of Wiirzburg. The date of the discovery is commonly thought 
to be November, 1895. As a matter of fact, the first X-ray photo- 
graph was made about two years before that time, and the accidental 
production of this photograph was the starting point of a series of in- 
vestigations which continued for more than two years before the public 
announcement was made. The story was told to me by Dr. T. §. 
Middleton, now a physician in Chicago, who was a research student 
under Professor Réntgen during a period of four years, including the 
time when the great discovery was made. 

Professor Réntgen is a man who works unceasingly as a teacher and 
in research, a man who brings to his students the inspiration of genius. 
Like Edison, he would often forget to eat were he not reminded by 
friends of his need of food. 

He was working with cathode rays and, being an expert glass 
blower, prepared his own tubes. He had a habit of using his lungs as 
an air-pump in exhausting his tubes. Long practise had developed an 
athletic pair of lungs, so that he was able in this manner, aided by the 
increase in vacuum due to the electric discharge, to produce a vacuum 
sufficiently high for the production of the cathode rays. The first 
X-ray tube was exhausted in this way. This tube was blown to form 
a large bulb at the middle and bent to form a letter S at either end. 

The electrodes being at the ends, the cathode rays would have to 
traverse the bends of the tube. Réntgen regarded the cathode rays as 
streams of electrified particles and believed that friction would be de- 
veloped as these particles streamed past the bends of the tube. He 
expected this friction to result in new phenomena. 

On a flat-topped desk in Professor Réntgen’s private office lay an 
unassorted heap of books, glass tubes, photographic plate holders, 
platinum and aluminium electrodes, and what-not, such an unassorted 
heap as is likely to accumulate on the desk of a busy man. In this 
confusion it happened that a large book which the professor had been 
reading lay on a photographic plate holder. In the book lay a key 
serving as a bookmark. The use of a flat key as a bookmark is a pe- 
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culiar habit of Professor Réntgen’s, a habit which leads often to the 
finding of lost keys by shaking open the books on his desk. The pro- 
fessor was working with the Crookes tube referred to above, observing 
the beautiful yellowish-green fluorescence which characterized this 
particular tube, when his wife came to call him to lunch. Laying the 
tube, still glowing, on the book he obeyed her summons. 

Now Professor Réntgen is an enthusiastic amateur photographer, 
in fact out door photography is his recreation. Returning from lunch, 
he took the plate holder which had lain under the book, with other 
plate holders, and made several outdoor exposures. On developing 
the plates a shadow picture of a key appeared on one of them. Much 
puzzled, he showed the negative to some of his students, asking them to 
suggest some explanation of the mysterious key. None of their sug- 
gestions proved satisfactory, and he was up early the next morning 
searching for a solution of the mystery. 

He determined to repeat precisely the operations of the preceding 
day and, remembering the positions of the glowing tube, the book, and 
the plate holder, he placed them as before, leaving them for the same 
length of time as on the preceding day. On developing the plate, the 
image of the key again appeared. The key was found in the book but 
the mystery was not solved. Here was indeed a strange thing. Of 
course it was known that the cathode rays would affect a photographic 
plate, but here between the plate and the source of the rays were a book 
and the hard-rubber slide of the plate holder, both of which are im- 
pervious to light, and the cathode rays were confined by the walls of 
the tube. 

Réntgen continued his investigations and found that the rays from 
his tube would penetrate other objects, but in different degrees, and be- 
cause of this difference in transparency he could obtain shadow pictures 
of many interesting objects. 

The fluorescence of his tube suggested to him that other substances 
than glass might be caused to fluoresce by the radiation from the tube. 
An interesting field was opened before him. Other research was sus- 
pended. Visitors were excluded, and with his research students the 
work was continued. Fluorescent liquids were tested, one of the first 
being a solution prepared from the horse-chestnut. The number of 
fluorescent substances tested, including liquids and solids, was not less 
than fifty. One of these was barium platino-cyanide, the fluorescence 
in this case being caused by the newly-discovered radiation acting 
through a black cardboard. . Convinced by a long series of observations 
of the photographic and fluorescent effects obtained from his tube that 
he had discovered a new form of radiation, Professor Réntgen made 
his public announcement. 

In answer to my question regarding the date of the incident nar- 
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rated above, which marked the beginning of the great discovery, Dr. 
Middleton said that he had made no effort to remember the date. 
“ Was it earlier than November, 1895,” I asked? “ Yes. It was at 
least two years earlier ” and, recalling some incidents to aid in fixing 
to date, he continued, “ It was soon after the opening of the autumn 
semester. It could not have been later than October, 1893. Possibly 
it was in 1892.” 

Professor Réntgen, being a reticent man, has not given to the world 
the details of his discovery. His announcement was that of results 
arranged in logical not chronological order. This narrative from an 
authentic source fixes the date of the discovery of X-rays at least two 
years earlier than that which is commonly accepted. Moreover, it 
shows us the great German professor in the light of a man who carefully 
and patiently worked out his problem to his own satisfaction before 
announcing his discovery to the world. 





———— 
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A GREAT PERMIAN DELTA AND ITS VERTEBRATE LIFE, 
WITH RESTORATIONS BY THE AUTHOR 


By Dr. E. C. CASE. 


ASSISTANT PROFESSOR OF HISTORICAL GEOLOGY AND PALEONTOLOGY, 
UNIVERSITY OF MICHIGAN 


S early as 1878 it was known that the remains of a wonderful 
group of animals lay hid in the rocks of north central Texas, 
that had lived their appointed time and passed away before the earth 
history was half completed; since then collectors have gone into this 
region more or less regularly, contending in the early days with hostile 
Indians and later with bad water and difficult transportation. Since 
1895 the author has made several trips, gathering vertebrate fossils for 
the University of Chicago and the American Museum of Natural 
History in New York. The descriptions below are based on these 
collections and those of earlier workers. 

Perhaps one can get the best idea of the age of the rocks and the 
fossils by remembering that they were laid down in the portion of 
geological time called the Permian age, just after the period of the coal 
deposition. Reckoning the completed history of the earth as about 
one hundred millions of years, these rocks and fossils are from thirty 
to forty millions of years old. At the beginning of the Carboniferous 
age, when the coal was laid down, the part of the continent that is 
now called the Mississippi Valley was covered by a wide sea, but, 
during this age there was a progressive shallowing which culminated 
in the elevation of the Appalachian mountains in the east and the 
appearance of dry land from the new mountains on the east to the 
forebears of the Rockies on the west. 

The appearance of dry land was at once the cause of the develop- 
ment of the wonderful group of Permian animals and the reason that 
so few are preserved to us, for it is only when the hard parts of animals 
or plants are buried in some water-soaked layer of the earth or are 
covered by water that they can be petrified and preserved. If they re- 
main exposed to the air they are soon destroyed; so, of the skeletons 
of the thousands of buffalo left lying on the plains but a few years ago, 
there remain to-day but a few rotten and frost-split horns and bones. 
Undoubtedly in the muddy banks and bars of the rivers there are skele- 


* tons undergoing the slow process of petrifaction which will preserve 


them to be the chief treasure of some future museum. And so be- 
cause of the land conditions which prevailed over so much of the 
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continent the record of the great land fauna of the Permian age is 
very faulty and imperfect. It is only in some exceptional place where 
large quantities of bones were swept together wnder favorable condi- 
tions that they have been preserved and such an exceptional depository 
occurs in northern Texas. 

When the Appalachian Mountains were raised an extension of 
their southern end reached across what are now Arkansas and Okla- 
homa, terminating in the Wichita Mountains in western Oklahoma. 
North of this range rose a broad upland reaching from the Rockies 
to the Appalachians and to the Canadian line on the north; south of 
the mountains a shallow sea reached nearly to their base, and some 














Fig. 1. VIEW IN WILLBARGER CouNTY, TEXAS, showing the character of the 
beds in which the bones occur. 


great rivers, from the mountains and the uplands, poured their flood 
waters into the sea and built up a great delta. The remains of animals 
which haunted the banks of the rivers were swept into them in time 
of flood and carried out to be deposited in the delta, which covered most 
of what is now Wichita, Archer and Willbarger counties in the state of 
Texas. Naturally most of the remains which found their way into the 
streams were already fragmentary, as they had rotted on the bank and 
been torn by predatory animals, but in their course to the sea they were 
farther disintegrated, so that, rolled by the rivers and beaten by the 
waves, they sank to their burial as little more than water-worn frag- 
ments ; ends of limb bones, isolated vertebra and broken skulls which do 
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little more than tantalize the student with the hints of new forms and 
new relationships which can not be verified. In some places these water- 
worn fragments are s@ thick upon the ground that they can literally 
be shoveled up by the wagon load. In some rare instances the bodies 
of animals found their way unharmed into the water and, distended 
by gases of decomposition, floated far and uninjured until they came 
to rest on some mud flat beyond the reach of sharks or other predatory 
animals. Such skeletons are preserved entire and in a most wonderful 
state of preservation, but they are exceedingly rare, not more than one 
turning up in a season’s search. 

Of all the wonderful animals revealed by their petrified remains, 
perhaps the most striking are the reptiles. The reptiles made their 
first appearance in the Permian or in the latter portion of the Car- 
boniferous preceding, but here at the very inception of their line they 
developed a great diversity of form and habit. There were aquatic and 
terrestrial forms, carnivorous, herbivorous and omnivorous forms, forms 
simple and closely resembling their amphibian ancestors and forms so 
bizarre in their structure that the world has produced nothing more 
strange. The reptiles descended from the amphibians and it is natural 
to look in these beds, where the lowest of the reptiles are found, for 
the connecting link between the two, but as yet this form has not been 
discovered ; the approach from both sides, however, is so close that it 
is frequently impossible to determine the nature of a specimen from 
a single bone or small portion of the skeleton. 

The simplest of the early carnivorous reptiles were aquatic, living 
in the waters of the great rivers or perhaps even in the ocean. The 
body was long:and slender and the tail was exceptionally so, in corre- 
lation with the swimming habit. Aside from the more technical points, 
the interest in the development of the primitive reptiles centers in 
certain changes of the teeth and the dorsal spines of the vertebra. In 
one of the simplest forms, Poliosaurus, the teeth have the form of sim- 
ple cones of nearly equal size in all parts of the jaw; such a dentition 
indicates that it preyed upon small animals which it seized and swal- 
lowed whole after the manner of snakes and many lizards. The dorsal 
spines are low and do not project beyond the skin. The animal prob- 
ably resembled very closely the living monitor of the Nile. 

In another and closely related reptile, Theropleura, the teeth have 
become differentiated, those at the anterior end of both the upper and 
the lower jaws, the incisors, are enlarged and have taken on the ap- 
pearance of tusks; posterior to the incisors there is a slight notch in 
the edge of the upper jaw, caused by the growth of the lower incisors, 
and posterior to this there are tusk-like teeth in the upper jaw, the 
canines. The growth of the incisors and canines increased the power 
of grasping and holding prey. Moreover, in the posterior teeth of the 
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Fig. 2. RESTORATION OF THE SKELETON OF Theropleura. 


jaws the teeth are somewhat flattened, so that cutting edges are de- 
veloped which would lacerate the prey in capture or before swallowing 
and minimize the chances of escape. In Clepsydrops the dentition 
is still more specialized; the incisors and canines are longer and the 
notch between them has developed into a toothless diastema; the skull 
is rather thin and high and the eyes are located far back in the skull. 
The spines of the vertebra are very high and project from the back 
like the fin of a fish, in this matter contrasting strongly with the sim- 
pler forms in which there is no such fin or frill. It must be remem- 
bered that the spines are connected directly with the vertebral column 
and are not simply developed in the skin as is the case with the fishes. 
In the modern Basiliscus and Jguana there are frills on the back, but 
the strengthening spines are dermal like those of the fishes. 

In Dimetrodon, the last of the series, these characters reached their 
culmination. The incisor and canine tusks have attained a relatively 
enormous length and strength, and projected from the jaws as much 
as three inches; the diastemal notch is larger and deeper and the pos- 
terior teeth of the jaws are recurved and have sharp serrate edges so 
they had all the cutting power of a Malay kris. Could a more effective 
arrangement be imagined for the cruel business of capturing and hold- 
ing living prey despite its desperate struggles? The spines on the 
back developed to enormous length and in some forms tapered to 
the slenderness of a whip lash. The tail was short and the feet strong 
and with well-developed claws, all going to show that the animal was 
terrestrial in habit. The largest species of Dimetrodon reached a 
length of about eight feet and was easily the largest, strongest animal 
of its time. We can imagine this fiercely carnivorous form crouching 
in the bushes or tall grass on the side of some stream and making a 




















A GREAT PERMIAN DELTA 561 


fierce scuttling rush out upon its prey, perhaps some slow-moving 
reptile or amphibian, perhaps even some smaller individual of its own 
kind, for there is ample evidence that these animals waged fierce battles 
among themselves. It is not uncommon to find bones which have 
been broken during life and healed again, telling of furious reptilian 
contests in the struggle for mates or for territory, or perhaps with the 
single idea of a cannibalistic meal. 

But a more wonderful animal still has left its remains in the rocks. 
In this form there were high spines on the back, but instead of the 
spines being simple they were furnished with projecting processes on 
the sides, not unlike the yard-arms of the old-fashioned sailing ships. 
This resemblance led Cope to call the animal Naosaurus, ship-lizard. 
In a recent restoration of Naosaurus it has been given the skull of the 
fiercely carnivorous Dimetrodon, the general similarity of the forms 

















Fic. 4. ANTERIOR PORTION OF THE JAW OF Dimetrodon, showing the great tusks. 


seemed to warrant this, but recent discoveries have made it probable 
that Naosaurus was not an eater of flesh, but a peaceful, sluggish 
eater of shell fish and perhaps of vegetation. This animal has perhaps 
the most wonderful dentition of any known animal the incisor teeth 
are sharp and chisel-shaped, such as might be useful in cutting strong 
vegetation; behind these are five sharp triangular cutting teeth, not 
unlike the sectorial teeth of such flesh eaters as the tiger and lion; 
behind these are simple cones, such as would be useful in holding a 
struggling victim. But most wonderful of all, on the palate and in a 
corresponding position on the lower jaw were heavy plates of bone, 
covered by short stumpy teeth, such as occur in the jaws of fish which 
live upon molluscs. The animal was seemingly omnivorous, but in- 
stead of having a dentition of a generalized pattern like that of the 
pig or the human being, there was a set for each kind of diet. The 
VOL. LXXHII.—36. 
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discovery that Naosaurus was an 
eater of molluscs and not a preda- 
tory form makes more perplexing 
than ever the question as to the 
use of the spines on the back. On 
such a thick-bodied, sluggish mud- 
grubber, the cross-barred spines 
must have had about the same 
value as an ornamental frieze on a 
canal boat. What conditions of 
environment could have produced 
similar structures on creatures of 
such dissimilar habits as Dime- 
trodon and Naosaurus? It is as 
if the tiger and the badger should 
meet on common ground and de- 
velop highly specialized, unwieldy 
and seemingly useless structures 
of close similarity. 

Of what use were the spines on 
the backs of these animals? The 
structure shows that they were not 
covered with flesh, but were united 
by .a thin membrane through 
which the spines showed as plain- 
ly as the fin rays in the fin of a fish. 
It is hard to conceive of this great 
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RESTORATION OF Dimetrodon. 
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dorsal frill as anything but a hindrance to any 
quick movement. Cope suggested, in a spirit of 
fun, that these animals were the precursors of the 
modern fin-keeled yacht and that when they 
wished to navigate the Permian waters they swam 
upon their backs. Other authors have suggested 
equally abused uses in a similar spirit, but there 
are very few that can be considered with any 
degree of seriousness. The obvious suggestion is 
that the spines served as some form of protective 
mimicry, perhaps helping the animal to remain 
concealed among the reeds which bordered the 
lakes or streams, but this seems hardly necessary 
when we reflect that the animal was the dominant 
form of its time and needed no concealment unless 
it was to aid in lying in wait or in making an 











unseen approach until 
sufficiently near for the 
final rush upon its un- 
suspecting prey. This 
last is perhaps a fair 
suggestion, but it seems 
that the physiological 
burden of maintaining 
such an essentially weak 
structure must have far 
outweighed any conceiv- "!6- 8 Sipe View 
. or Two Dorsal VER- 
able advantage of con- TEBRE® OF Naosaurus. 
cealment. The spines 
were slender and were constantly subject to 
fracture in battle or by accident and the ani- 
mal must have expended no inconsiderable 
portion of its energies in repairing the broken 
structure. 

There remains the Suggestion that the 
spines are remnants of a formerly useful 
structure and their present condition is 
purely a physiological one due to overgrowth. 





It seems certain that when a structure has 

developed so far as to give an animal a great 

advantage it may continue to grow until it 

Fic. 7. Front View oF js rather a burden than a help. The structure 
ONE OF THE DorsAL SPINES A 4 = 

oF Naosaurus. starting as a protective feature may give the 
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animal such an advantage that it is practically free from all its enemies 
and in this dominant or protected condition it may become over- 
nourished and the originally useful structures may continue to grow by 
a kind of inertia or momentum until they become greatly exaggerated 
masses of flesh or inordinately developed spines, horns, feathers, ete. 
Such a development seems to have occurred once and again in the 
history of the world, and the most bizarre types of life owe something 
of their condition, at least, to this principle. The late Professor 
Beecher, of Yale, has shown that there is a decided tendency, both in 
plants and in animals, for a species that is nearing the point of its 
extinction to develop a spiny or horny habit, covering itself with all 
sorts of excrescences, seemingly in an unregulated effort to find some 
condition which will prolong its existence. It is certain that these 
reptiles, dominant as they were, were rapidly completing their allotted 
span and as the end approached the spines grew ever heavier and 
heavier, until it seems plausible to suggest that they became at last 
a great drain on the animal’s powers of nutrition and hastened in no 
slight degree the end. 

















Fig. 9. PALaATAL VIEW OF THE SKULL Of Naosaurus, showing the peculiar dentition. 
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Fic. 10. RESTORATION OF Naosaurus. 


The family of the high-spined Pelycosaurs did not monopolize the 
wonders of the reptilian horde; however the borders of the streams, 
the swamps and the uplands, harbored other forms whose structure is 
just beginning to be understood. One group of these, called by Cope 
the Cotylosauria, is the most primitive of the reptiles and the nearest 
to the amphibians. These animals were low-bodied and sprawling, with 
a head completely roofed over by bone and showing between the orbits 
the third, or pineal, eye. Rudiments of this third eye are still present 
in the human brain, the pineal gland between the cerebrum and 
cerebellum, and in many of the modern lizards it is still so far 
functional as to have a rudimentary retina perhaps capable of perceiv- 
ing light. 

Another group of reptiles closely resembling the Cotylosauria in 
outward appearance, but differing in many details, notably the develop- 
ment of a- body armor, were placed by Cope in a separate order, the 
Chelydosauria. As indicated by the name, the Chelydosauria are prob- 
ably the ancestors of the turtles. Aside from more technical points 
this relationship is shown by the development of a more or less com- 
plete carapace. The skeleton of the larger forms is pretty well known 
and the general shape is shown in the restoration of the skeleton of 
Diadectes, Fig. 11. The teeth are elongated transversely and flattened, 
telling of a purely vegetable diet; the dermal armor consisted of five 
overlapping plates on each side lying on the first five dorsal ribs; the 
anterior one is small, the second much larger and the last three smaller 
again. In certain small forms, Otocweus and Conodectes, the armor 
was much more perfect, consisting of strong dermal plates correspond- 
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Fic. 11. RESTORATION OF THE SKELETON OF Diadectes. 


ing to the ribs in number and extending down over the sides in broad 
curves so that the animal was completely closed in a bony cuirass. Add 
to this that the top of the head was heavy and solid, and we can imagine 
that the animal when it crouched close to the ground, with its head 
drawn down and in, resembled very closely the modern Armadillo in 
its attitude of defense and was able to resist the attack of even the long- 
tusked Dimetrodon. 

This donning of armor is one of the striking things about the 
animals of the Permian age; it occurred among the amphibians as well 
as among the reptiles and is closely correlated with the development 
of great tusks in the predatory forms. As the armor-piercing weapons 
grew ever stronger the armor grew ever heavier and more completely 
adapted to the body. The same thing has happened once and again 
in the world’s history; much later, in Tertiary time, when the world 
was thirty millions of years older, we have a repetition of the same 
thing. The great saber-toothed tiger developed canine tusks six inches 
in length, and the small edentates, the natural prey of the tiger, de- 
veloped first small isolated bones in the skin, but ever as the tusks grew 
the bones in the skin became larger and better arranged, until the 
almost perfect protection of the Armadillo appeared. It was the 
prophecy of modern warfare between armor-piercing shells and armor 
plate, we have not seen the end in human history, but in the old days 
it continued to the practical extinction of both parties to the contest. 
Perhaps there is a neglected object-lesson here. 

Turning from the reptiles to the amphibians, we find a no less 
wonderful group of animals. During the preceding age, the Car- 
boniferous, the amphibians had been masters of the world; by the 


Permian, their time of dominance was past and they were already on 


the downward path that was to end in the obscure toads, frogs and 
salamanders of our meadows. But they were far from yielding tamely 
to their fate; they developed in all possible directions in a seemingly 
frantic effort to regain their lost dominance. During the Permian 
and the succeeding Triassic ages, there lived some of the largest 
amphibians the world has ever seen; they betook themselves to the 
water and developed eel-like bodies; they lived in hollow trees, as 
witness the discoveries of Sir Wm. Dawson in the stumps of trees 
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Fic. 12. SKULL or Diplocaulus, showing Fic. 13. RESTORATION OF 
the upper and lower surfaces. Diplocaulus. 


in the coal beds of South Joggins in Nova Scotia; they wrapped them- 
selves in armor and they hid themselves in the ground. 

It is possible to describe but a very few of the forms that are known. 
Eryops was the largest of the amphibian tribe, with a length of about 
eight feet; it was not unlike a great overgrown newt or salamander 
with weak sprawling limbs that could not raise the body from the 
ground, except by a great effort. The skull had a length of two feet 
and a half in the largest specimens and the lower jaw was hinged at 
the posterior end of the skull, so that the animal had a most tremendous 
gape. ‘The jaws were armed with sharp conical teeth, which in the 
anterior portions of the jaws were developed into powerful tusks. Prob- 
ably the animal played a somewhat similar part in the Permian waters 
to that of the modern alligator, lying nearly covered in the water with 
only the eyes and nostrils exposed, which were placed on the top of 
the skull for the purpose, and gliding slowly upon its prey until within 
a distance that made possible a sudden fierce rush which ended with 
the passage of the victim down the capacious maw of the Hryops. 

Contrasted with EZryops, and probably frequently its victim, was the 
small Diplocaulus. Though still imperfectly known, enough has been 
made out about this animal to show that it possessed a form even more 
grotesque than that of the high-spined reptiles. The head, as shown 
in Fig. 12, was extremely flat and shaped like an exaggerated crescent 
with strong horns or spines projecting to the rear from the posterior 
corners. The eyes and nostrils were located far forward toward the 
anterior end and were directed straight upward. The lower jaw was 
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very short and articulated with the skull far in front of the ends of 
the horns. No trace has been found of limbs, and the vertebre inter- 
lock like those of the modern snakes; from this it is probable that these 
animals were limbless and snake-like in form, but they must have 
presented a most peculiar appearance with the slender body and 
enormous head. It is hardly possible that the animal could have 
raised its head from the ground except by an occasional and violent 
effort, for the skull was solid and relatively very heavy. Probably the 
animal was purely aquatic in habit and, lying in the mud of the bottom, 
wriggled forward, pushing its great head through the slime, from which 
it gathered the vegetation and small shell fish which formed its food. 
The position of the eyes and nostrils on the top of the skull renders 
this position the more certain. On the banks of the streams the am- 
phibians took yet another form, for here they donned a complete coat 
of mail similar to that of the small reptile. 

Imperfect as our knowledge still is of this wonderful group of 
animals, enough is already known to show how fully strife and warfare 
filled the world’s history even at the beginning, and how every possible 
advantage of tooth or limb or armor was necessary for success. 
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Tue development of the American 
university during the last quarter of 
the nineteenth century is perhaps the 
most important chapter in our recent 
history. In this remarkable movement 
two institutions have led, and their 
prominence is personified in two great 
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educational leaders, President Eliot, of 
Harvard, and President Gilman, of the 
Johns Hopkins. The oldest of our uni- 
versities, with its high traditions, its 
faculty of eminent scholars and its 
alumni throughout the country, and 
the youngest of our universities, unen- 
tangled by precedents and engagements, 
free to plan its work and choose its 
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PRESIDENT DANIEL C. GILMAN. 


men, were the institutions best placed 
to lead the way, but they might not 
have done so had they not found the 
right presidents at the right time. 
From the point of view of this journal 
it is worth emphasis that both owed 
their preparation to scientific training 
and teaching. Dr. Eliot was professor 
of chemistry at the Massachusetts 


Institute of Technology when called to 
the presidency of Harvard, and Dr. 
Gilman was professor of geography at 
Yale when he took up administrative 
work. 

Dr. Gilman resigned the presidency 
of the Johns Hopkins in 1901, on reach- 
ing the age of seventy years and after 
twenty-six years of office. His death 
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last month recalls vividly his great| shares its leadership with other insti- 
services to higher education. Dr. Eliot ‘tutions and will probably fall behind 
has now resigned the presidency of the greater of the state universities. 
Harvard to take effect next spring,| There is more instinctive admiration 
when he will have served forty years , for the puritan aristocrat than for the 
in the office, and will be in his seventy- | cpportunist, but in so far as Mr. Eliot 
fifth year. Mr. Gilman was at the time | stands for the plan of free electives, 
of his resignation in full vigor of body for culture prerequisite to the profes- 
and mind and was able afterwards to’ sional school, and Mr. Gilman for a 
undertake the difficult task of organ- group system of studies leading chiefly 
izing the Carnegie Institution, while to the professional school and research, 
performing many other public services. the majority of scientific men will side 
President Eliot has never seemed more with the latter. 
competent to direct the affairs of a Mr. Eliot’s position could only be 
university than at present; there has filled by a man of equal distinction 
not during the past forty years been a after forty years of service. It is prob- 
time when he has been so gladly fol- ably well that it can not be filled. The 
lowed as a leader. He is likely to) constitution of the state of Massa- 
remain for years to come the chief | chusetts places measures before men. 
influence at Harvard and the leading | It is better for the university to be a 
private citizen of the United States. | democracy of scholars, rather than for 
At the inaguration of Mr. Gilman as | its scholars to be subject to the will of 
president of the Johns Hopkins Univer-| one man. The Harvard corporation 
sity on February 22, 1876, Mr. Eliot | will not purposely reorganize the uni- 
said: “In the natural course of your | versity on a democratic and representa- 
life you will not see any large part of | tive basis, but they will probably con- 
the real fruits of your labors; for to) tribute to this end by the president 
build a university needs not years only, | whom they will elect. 
but generations.” This is only partly 
true. The traditions and ideals of the | ey 
university are a long growth, but they | SOIENTIFIC ITEMS 
may be transplanted to a new soil and | WE record with regret the death of 
flourish there. Relatively to other in-|O. T. Mason, head curator of anthro- 
stitutions at least, it is probable that | pology in the U. S. National Museum; 
the Johns Hopkins will never again be of Dr. Francis H. Snow, formerly 
so great as it was in the eighties, and | chancellor and professor of entomology 
Harvard will never again be so pre-|in the University of Kansas, and of 
eminent as it is at the close of Mr. Professor Berger, the eminent French 
Eliot’s administration. The seven pro- | surgeon. 
fessors on the faculty of the Johns| THERE was held at the Sorbonne in 
Hopkins at the beginning far surpassed | Paris, on October 4, a meeting in mem- 
the average of any present faculty, and| ory of the great chemist, Marcellin 
the hundred students in the early years, | Berthelot. M. Raymond Poincaré made 
the average of any present student | an address on his work, and was fol- 
body. This great feat was again re-| lowed by M. Falliére, president of the 
peated by Mr. Gilman when the med-| Republic.—A bronze tablet to the mem- 
ical school was organized. Harvard | ory of the late Major James Carroll, 
has accomplished more in the past | eminent for his work on yellow fever, 
forty years than during the preceding | was unveiled in the main medical build- 
centuries of its history. It set stand-| ing of the University of Maryland, on 
ards of freedom and culture when such | November 11. Dr. William H. Welch 
standards were most needed. It now | delivered the principal address. 
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SiR ARCHIBALD GEIKIE, 
The Eminent Zoo'ogist, elected to the Presidency of the Royal Society. 


By the will of the late Grace M. ‘| Company will erect for Oxford Uni- 
Kuhn, Harvard University receives versity an electrical laboratory at a 
$175,000 to endow a department of cost of £22,000 and will give an addi- 
biological chemistry.—The Draper’s | tional sum of £1,000 for its equipment. 
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iM Professor in Leland Stanford University. $2.00 net; by mail $2.10. : ae 


‘f “Its value cannot be overestimated. A book the student must have at hand at all times, and 
’ takes the place of a whole library. No other writer has attempted to gather together the ; iS 
literature of this vast subject. An investigator of the first rank, and master of a clear and 
literary style.””—President DAVID STARR JORDAN in The Dial, 


Rollin D. Salisbury’s Physiography 


v ag 4 the University of Chicago. (American Science Series, Advanced Course.) xx +7 

- . 8vo. $3.50. : 

i i N. M. FENNEMAN, State Professor in the University of Cincinnati : I shall undertake its use in my 
C; class in physiography. There is every reason to believe that it will be the standard text-book of phiy= 
: . siography for colleges for a long time to come. 


"Rollin D. Salisbury’s Physiography for High Schools 


a (American Science Series, Briefer Course.) viii + 531 PP: 12mo. $1.50. 
% Intended to cover the work in the first or second year of the high school. 
J. W. BEEDE, Professor in Indiana University: I am of the opinion that it will mark an 
the teaching of the subject in the secondary schools as will the Physiography in the colleges, 


we! . 
+ Dewey and Tufts’s Ethics 
ae By JoHN Dewey, Professor in Columbia University, and James H. Turts, Professor in the’ 
versity of Chicago. 618 pp. 8vo. (American Science Series.) $2.00. : 
G. H. PALMER, Professor in Harvard University: It is a scholarly and stinnalotings production, 
best, I think, for college use that has yet appeared. Indeed, from no other book would a general rea 
obtain in so brief a compass so wide a view of the moral work of to-day, set forth in so seh cid, 
and interesting a fashion. Twenty years ago the book could net have been written, into se 
: gone the spoils of all the ethical battles of our time. While I often find myself in dissent fro te 
opinions, I see that whoever wishes to comprehend the deeper social tendencies of recent years 
es well to study this book, and that he will carry away from his reading as much enjoyment as 


d : Seashore’s Elementary Experiments in Psychology 


* By Cart Emit SEASHORE, Head of the Department of Philosophy and Psychology in the 
University of lowa. xi+218 pp. 12mo. $1.00 


A supplement to a regular text-book in elementary psychology. 


- Lillie’s Development of the Chick 
ee An Introduction‘to Embryology 
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By Frank R. LILuix, Professor in the University of Chicago. xi +472 pp. 


HENRY HOLT AND COMPANY ** $8 e 
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The Astrophysical Journal 


An International Review of Spectroscopy 


and Astronomical Physics 


Edited by George E. Hale and Edwin B. Frost, with the collaboration of J, §, 
Ames, A. Bélopolsky, W. W. Campbell, Henry Crew, N. C. Dunér, C. Fabry, ©, 
§. Hastings, William Huggins, H. Kayser, A. A. Michelson, Ernest F. Nichols, A. 
Pérot, E. C. Pickering, A. Riccd, C. Runge, Arthur Schuster, and F. L. O. Wadsworth, 

The Astrophysical Journal, an international review of spectroscopy and astronomical physics, 
is the only publication in the world devoted to this department of astronomy, in which so great 
progress has been made in recent years, and to which the name ‘‘the new astronomy’’ is often 
applied. It publishes in English original contributions from investigators in all parts of the world, 
together with translations of important papers communicated to foreign learned societies which 
would be inaccessible to most of its readers. Special attention is given to having its illustrations 
represent the highest quality of engraving available, and in this respect it is unexcelled among 
scientific publications. The Journal is the medium of publication of the astrophysical researches 
made at Yerkes Observatory, and at the newly established Solar Observatory of the Carnegie Insti- 
tution ; and all important astrophysical results obtained at the Lick Observatory are found in its 
pages. Itcontains a department of reviews, in which all books within its field receive critical notice, 

Issued monthly except February and August. $4.00 a year ; single copies 50 
cents. Foreign postage 62 cents. 


The Botanical Gazette 


A Monthly Review of Botanical Science 
Editors : John M. Coulter and Charles R. Barnes. 


The Botanical Gazette is the leading American journal of botany, and its contents therefore 
represent the most recent advances in this science. The changes in the subject are now so rapi 
that the recent textbooks must of necessity lag far behind. For this reason, the latest information 
in reference to important botanical subjects should be available to all students and teachers of 
botany. In addition to its original papers, which represent the best work in America, ie F< 
feature in the Botanical Gazette is ius department of ‘‘Notes for Students,’’ in which all the 
important botanical work in the world is reviewed each month ; so that the journal gives a com- 
plete monthly record, in brief, of botanical progress. 


Issued monthly. $7.00a year ; single copies 75 cents. Foreign postage 84 cents, 


The Journal of Geology 


A Semi-Quarterly Magazine of Geology and Related Sciences 


Editors : T. C. Chamberlin, in General Charge, R. D. Salisbury, J. P. Iddings, 
Stuart Weller, R. A. F. Penrose, Jr., C. R. Van Hise, W. H. Holmes, 8. W. 
Williston. Associate Editors: Sir Archibald Geikie, H. Rosenbush, Charles 
Barrois, Albrecht Penck, Hans Reusch, Gerard De Geer, C. K. Gilbert, H. 8. 


Williams, C. D. Walcott, J. C. Branner, W. B. Clark, O. A. Derby, T. W. E. David. 


While cultivating all geological fields, the Journal of Geology is recognized as the foremost 
medium in English for the presentation of advanced views on the basal and philosophic phases of 
geology and related sciences. It is the special organ of the new cosmogony and of the funda- 
mental revisions of current doctrine that grow out of it. The Journal also makes a specialty of 
advanced and critical methods of geological investigation and interpretation. While American 
in some special sense, it is also cosmopolitan. It has recently published papers relating to the 
geology of Europe, Asia, Africa, South America, Iceland, New Zealand, and the Falkland Islands. 
As a pronounced evolution of new views is in progress and is likely to grow in importance, the 
Journal will become more and more indispensable to every progressive geologist. 


$3.00 a year ; single copies 50 cents. Foreign postage 53 cents. 
Address Dept. 33 


THE UNIVERSITY OF CHICAGO PRESS 


CHICAGO NEW YORK William Wesley & Son, London 















































EXTRAORDINARY OFFER—REMAINDER SALE 


To Readers of Popular Science Monthly 





The 33 Remaining 
Copies here offered 


At Onesthird 


the subscription price. 











Most superbly illustrated work ever published on the art and 
architecture of any country in the world, Itis the result of more 
than ten years of labor of author, artist and engraver. It is 
superbly illustrated with 72 full-page plates, 20x26 inches, 
magnificently colored, representing the temples, etc., éxactly 
as they appeared four thousand years ago. 


Mizraim,or Ancient Egypt 


EGY PT t Whose civilization is the oldest known and yet 

whose architecture is the wonder and admira- 
tion of modern times, and which “for nobility of conception, vastness 
of detail, and majesty of the highest order exceeds anything ever reared 
by human hands,” has now for the first time been ey shown 
forth in these superb volumes. Whether specially interested in pt 
or not, no one who is a lover of good things in art or literature can fail 
to be fascinated by the beauty, grace, and grandeur of Egyptian art as 
exhibited in these plates. 





Of this work Miss AMELIA B. 
Epwakps, the Queen of Egypt- 
ology, wrote: ‘I wish to tell you 
how much I am pleased with the 


“‘T regard ‘Mizraim’ as a master- 
piece. Its exquisite and excellent 
plates will refresh those who have 
seen the monuments or studied 
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HATHORIO COLUMN, TEMPLE OF DENDERA 
This plate in Mizraim is 12x18 inches 
and ten different colors. 





specimen plates of your great | their history. Its lette ad- 
work.”’ mirably expounds what its grand 


—~ 80 ry -y* | present. 
“A geries of illustrations that he book is a wise and satisfying 


for beauty of execution, have ab- | investment.’"—Wm. Copley Wine 
solutely no parallel,”’— Illustrated | s.ow, Hon. Sec’y Egypt Explora- 
American. tion Society. 


The work has been endorsed by purchase after thorough examina- 
tion, and at the regular price by the British Museum, Metropolitan 
Museum of Art, Boston Library, and the leading libraries of this country, 


The entire edition was limited to 800 
copies and the plates have 
been destroyed. 


The wert, blished in 
OUR OFFER | ira morocco reoulns 

price $175. To those order- 
One-Third the Regular Price ng one of the 33 remaining 
WHILE THEY LAST 








sets it will be sent on ap- 
proval, prepaid, on the ex- 
traordinary terms below 
given. If you care to add 
to your library the most 
superb work concerning the most fascinating country in all the world 
fill out or copy the following acceptance blank at once. 











HENRY G. ALLEN & CO., 150 Fifth Ave., N. Y. 


Send me, prepaid, one set edition de luxe of Mizraim, 
bound in two volumes, half morocco. If satisfied, I will send 
you $4 within ten days after receipt, and $4 r month 
thereafter for 14 months, title to remain with you until paid 
in full. If not satistied I will notify you and hold subject to 
your order, 











Jf further information is desired, send for descriptive pamphlet 


HENRY G. ALLEN & CO., Publishers 


150 Fifth Avenue, New York 














regular college course. 
who are behind in their work. For boys who would 
like to learn shop work and mechanical drawing. 
Laboratory courses in steam and electrical engineer- 
ing, and in testing materials of construction. 
teachers who wish to study Manual Training. 











Send for Catalog of Info: mation. 


Summer School in Mechanic Arts, 


School of Mechanical and Electrical Engineering, 


State College of Kentucky. 


For mechanics and others who have not time for a 
For students in engineering 


For 


For particulars address, 
A. M. WILSON, Registrar, 
Lexingon, Kenucky. 


LEARN TO BE A WATCHMAKER 


BRADLEY POLYTECHNIC INSTITUTE 
Horological Department 
Peoria, Illinois 
Formerly Parsons Horologica!l Inst. 
Largest and Best Watch 
School in America .. . 

We teach Watch Work, Jewelry, Engraving, 


Ciock Work, Optics. Tuition reasonable. 
Board and rooms near schoo! at moderate rates. 








This entire building used ex 
clusively as a watch school. 





Beaumont College 
FOR GIRLS ONLY 


A most beautiful school place (40 acres) for 73 years continuously: 
Completely modern equipment. Di 

of the ablest American pupiis of world-famous Leschetizky, who is 
said to be “‘Ihe greatest teacher of Piano the world a 
known.” Our certificate admits to New York Schoul of Expres- 
sion, without examination. 
(Alumnus of University of Virginia.) Harrodsburg, Kentucky. 


5 degrees. irector of Music one 
S ever 


COL. TH. SMITH, A.M., Pres, 








BEST 


FACILITIES FOR SUPPLYING 


American German 
English Italian 
French Spanish 


Catalogues free. Correspondence solicited 
LEMCKE & BUECHNER 


Established 60 Years 


14 East 17th Street New York 














4 Duke St., Adelphi 


“THE BULLETIN ”’ 


contains prices of Odlogical, Ornithological 
and Pre-Historic specimens. 
cent stamp. Address 


Postfree 1 


*«* BULLETIN”’ 
London, W. C., England 





Located in the Lake Superior district. 
mills accessible for practice. For Yearbook and Rec- 
ord of Graduates apply to President or Secretary. 


Michigan College of Mines 
F. W. McNAIR, President 
Mines and 


HOUGHTON, MICHIGAN. 





BEFORE DECIDING 


WHERE TO ATTEND SCHOOL 


Catalog of Valparaiso University, Valparaiae 


One of the Largest Universities and Training 
Schools in the United States 


25 Departments 166 | structon 
Excellent Equipments : 


Expenses less than at any other school. Catalogue maileg 
free. Address 
H. B. BROWN, Presiden: 


or 0. P. KINSEY, Vice Pres, 
Our thirty-fifth year will open September 3, 1907, 


Lasell Seminary 


For Young Women 


Auburndale, Mass. Ten miles from Bostog, 


The art of home making in all its phases is tho 
taught at Lasell. The principles of hygiene and sanitation, 
the science of foods, marketing, cooking, the art of entertaip. 
ing, house furnishing and management, sewing, dress-cu 
and millinery are studied in a practical way under th 
supervision of competent teachers. 

Excellent instruction is given in French, German, Music 
and Art, as well as in the regular college preparatory studies, 
Lasell’s certificate admits to Wellesley, Smith, Vassar ang 
other colleges, 

A resident nurse carefully looks after the health of the 
pupils. Outdoor life is encouraged. 

For catalogue of full information, address 


LASELL SEMINARY, Auburndale, Mass, 


Georgetown University 


School of Medicine and 
Dental Department 


The Fifty-ninth Session will begin September 28, 1908, and 
continue eight and one-half months. Practical laboratory 
work under special instructors, in Anatomy, Phyai $ 
Chemistry, Histology, Pathology and Bacteriology. 
facilities for clinical experience and practica! work in he 
pitals of city and in the University Hospital, containing i 
all over 3000 beds. For particulars address 

GEO. M. KOBER, M.D. 
Dean School of Medicine, 1819 Q Street, 
WM. N. COGAN, D.D.S. 
Dean Dentai Department, ‘‘ The Sherman,” 
Washington, D.C. 
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m . &c., &e., each accu- 

rately localized and named. 

Catalogue free. Monthly 

Illustrated Catalogue, 90c per year. 

Specimens bought or exchanged. $ 
W. O. OLDMAN 


77, Brixton Hill, London, England 








Rose Polytechnic Institute 

A College of Engineering. Mechanical, Electrical 
and Civil Engineering, Chemistry and Architecture 
Extensive Shops and Laboratories. 25th year, Br 
penses low. For catalogue and professional register of 
alumni, address 

Cc. L. MEES, President 
Terre Haute In 









| 





{ 


| 






















Pop 
tute 
xiii- 


Le 


— 


ehol 


By 


log 
fur 


=f oe 





L 


a 


ei zg § 


-~ 


a 


F ESE gF5SE SB 


ae: 


— 








——————— 


ee 


— 














SCIENTIFIC BOOKS 





PRAGMATISM 


| 
A new name for some old ways of thinking. 
By Professor WILLIAM JAMES, of Harvard University. 


lectures on philosophy delivered at the Lowell Insti- 
Popa poston and at Colum University, New York. Pp. 
xiii +809 


" LONGMANS, GREEN & CO. 
London Bombay Calcutta 





FOODS AND THEIR ADULTERATION 
By yb W. Wiey, M.D., Ph.D., Chief of the Bureau of 
istry. 


This manual aims to give as thoroughly and intelligibly as 
— an account of the various food products in common use 
n their natural and manufactured conditions, with the usual 
adulterations that have been found therein. Pp xii + 625, with 
eleven colored plates and 86 other illustrations. 


P. Blakiston’s Son and Co., Philadelphia 





LECTURES ON THE ELEMENTARY 
PSYCHOLOGY OF FEELING 
AND ATTENTION 
By ProrEssoR EDWARD BRADFORD TITCHENER, Cornell { 
University. 


Eight lectures, delivered as non-resi¢ent lecturer in Psy- 
chology at Columbia University in February, 1908. Pp. ix+404. 


The Ma:millan Company, New York 


A TEXT BOOK OF PHYSIOLOGY 


By Dr. Wittiam H. Howe 1, Professor of Physiology in the 
Johns Hopkins University. 
The author has endeavored to make the student realize that 
povtotesy is a growing subject, continuall — its 
) Been 


nowledge and readjusting its theories, revised 
edition. Pp. 939. 


W. B. SAUNDERS, Philadelphia 





CONDITIONS OF LIFE IN THE SEA 


By James JOHNSTONE, Fisheries Laboratory, University of 
Liverpool. 


A short account of quantitative marine biological research, 
and of the related results of hydrography and oceanography. 
, Pp. xiv+882, 


The University Press, Cambridge. England 





MAN IN THE LIGHT OF EVOLUTION 
By Joun M. TYLER, Pu.D., Professor of Biology, Amherst College. 
=I have viewed animals and men more from the physio- 
logical than frow the anatomical standpoint. Much is said of 
functions, powers, actions ; less of organs and structure.— The 
Preface. Pp. xiv +231. 


D. Appleton and Company, New York 


CARBONIFEROUS OF THE APPALACHIAN 
BASIN 
By Joun J. STEVENSON 
Copies of this monograph, consecutively paged, with index 
and bound in cloth, 595 pages, can be had, postpaid, for five 
dollars each. 


A. E. Stevenson, 261 Broadway, New York City 





ELEMENTS OF PSYCHOLOGY 

By Epwarp L. THORNDIKE, Professor of Educational 

Psychology in Teachers College, Columbia University. 
I defy any teacher or student to go through this book as it is 
written, and not to carry away an absolutely first-hand ac- 
uaintance with the wor ings of the human mind and with 
the realities as distinguished from the pedantries and artifi- 
cialities of psychology.—Professor William James in the Intro- 


duction. 
A. G. Seiler, New York 





ECONOMIC ZOOLOGY 
By HERBERT OsBORN, Professor of Zoology and Entomology in 
Ameen the Ohio State University. 
An introductory text-book in zoology, with 
ence to applications in agriculture, commerce and medicine. 

It is agen that this book may be of service to that ever- 
increasing body of citizens who wish to familiarize themselves 
— wry state of knowledge regarding the animal kingdom. 

'p. XV+490. 


The Macmilian Company, New York 


special refer- 


ETHICS 


By JoHn Dewey, Professor of Philosophy in Columbia Uni- 
versity and James H. Turts, Professor of Philosophy in the 
University of Chicago. 

The significance of this text in ethics lies in its effort to 

awaken a vital conviction of the genuine reality of moral 

problems and the value of reflective thought in dealing with 
them. The Preface. Pp. xiii+618. 


Holt and Company, New York 





A TEXT-BOOK OF THE PRINCIPLES OF 
ANIMAL HISTOLOGY 


By Professor ULRIC DAHLGREN, Princeton University, and 
Professor WILLIAM A. KFPNER, University of Virginia. 

This volume covers the general field of histology. ‘It 

is intended to be a work that teaches general principles and 


teaches histology asa pure science and for its own sake.” 
Pp. xiv+515. 


The Macmillan Company, New York. 





GOLD AND SILVER 
By WALTER R. Crank, Ph.D., Columbia University. 


An economic history of mining in the United States, the 
geographical and geological occurrence of the precious 
ey Se aEEEan of the production of gold 

nm the world and the United States. Pp. x+727 
illustrated. Cloth, $5.00 net. Cini 


John Wiley and Sons, New York. 





*»* Advertisements of new books of interest to readers of the MONTHLY will be inverted on this page for one dollar. 


ESSAYS ON EVOLUTION 

By Epwarkp BaGNaLt Poutton, D.Sc., Hope Professor of Zo- 

ology in the University of Ozford. , 
These essays were delivered as addresses or published on 
various occasions and at very different dates, but are the 
expression of a continuous live of thought and therefore fall 
together as naturally-as if they had been written at one time, 
for the purposes of the present volume. Pp. xlviii+479. 


The Clarendon Press, Oxford 





PHARMACOLOGY, THE ACTION AND 
USES OF DRUGS 


By Maurice Vesux TyropE, M.D., Instructor in Pharma- 
cology in the Medical School of Harvard U Iniversity. 

A small and concise Text-book giving the facts essential to an 

ordinary medical student without profound scientific discus- 

sions of opposite opinions. Pp, ix+255. 


1 P. Blakiston’s Son & Co., Philadelphia 

















The International Journal of Ethics 


A Quarterly Devoted to the Advancement of Ethical Knowledge and Practice 


This Journal, in its own distinct field, is the foremost quarterly of its kind now published, } 
deals from the many points of view of its world-wide contributors with the fundamental principles and 
concepts of ethics and oth the various phases of individual conduct and social morality on their prag. 
tical side. The writers for THE JOURNAL are frequently of international fame, who treat their subjects 
with broad tolerance, wide knowledge, and just discrimination. 


Some Leading Articles for October 
(Beginning the 19th Volume) 
The Morals of an Immoralist.—Friedrich Nietzsche. By Alfred W. Benn. 
Savonarola. By Thomas Davidson. 
The Dramatic and Ethical Interpretations of Experience. By Professor J. B. Baillie. 
The Modern Conception of Justice. By F. Melian Stawell. 
Ethics andLaw. By Professor Charles W. Super. 
A New Type of Naturalism—Montgomery. By William Maclhintire Salter. 
Yearly Subscription, $2.50. Single Numbers, 65 cents, 
Subscriptions for the coming year should begin with this issue as the first of the nineteenth volume, 


but may commence with a back number if desired. Subscriptions can be filled immediately and single 
copies had by return mail by addressing the publishers. 


SHERMAN, FRENCH & COMPANY 
6 Beacon Street Boston, Massachusetts 














ESSAYS PHILOSOPHICAL AND PSYCHOLOGICAL. 


IN HONOR OF WILLIAM JAMES, PROFESSOR IN HARVARD UNIVERSITY 


BY HIS COLLEAGUES AT COLUMBIA UNIVERSITY 
This volume is intended to mark in some degree its authors’ sense of Professor James’s memorable services 
in philosophy and peychology, the vitality he has added to those studies, and the encouragement that has 
flowed from him to colleagues without number. From Prefatory Note. 


PHILOSOPHICAL Essays. 
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THE HIBBERT JOURNAL 


A Quarterly Review of Religion, Theology and Philosophy 


The October number, which is now ready, begins the seventh volume, and is a remarkable issue 
both in the wide range and compelling interest of its unusual contents. The voluntary assertion, from 
more than one authoritative source, that THE HIBBERT is the greatest quarterly in the world, is surely 
well borne out this number. 





Principal Contents for October. 


The Miscarriage of Life in the West. By Sri Ramanathan, Solicitor-General, Ceylon. 

A Chinese Statesman’s View of Religion. By Charles Johnson, late Bengal Civil Service. 

The Moslem Tradition of Jesus’ Second Visit on Earth. By Captain F. W. Von Herbert, 
author of the “‘ Defence of Plevna." 

Hegel and His Method. By Professor William James, of Harvard. 

A Great Social Experiment. By Rev. Charles Plater, S.J., a Jesuit priest. 

Pain. By Miss Caroline BE. Stephen, the sister of Sir Leslie Stephen. 

Infallibility and Toleration. By F. C. S. Schiller, the British Pragmatist. 

The ‘‘Jerahmeel Theory: '"' A Mistaken Name for a Genuine Thing. By Rev. T. K. 
Cheyne, D. Litt., D.D., F. B. A. 

With equally important articles by Professor M'Giffert, John Page Hopps, Hon. Bertrand 
Russell, Rev. James Moffatt, D.D., and others. 

Discussions and Book Reviews. 


$2.50 per annum, 75 cents per copy. 


Subscriptions for the coming year should begin with this issue as the first of the seventh volume, 
but may commence with a back number if desired. Subscriptions can be filled immediately and single 
copies had by return mail by addressing the publishers 


SHERMAN, FRENCH & COMPANY 


6 Beacon Street BOSTON, MASSACHUSETTS 











SCIENCE 


A WEEKLY JOURNAL DEVOTED TO THE ADVANCEMENT OF SCIENCE, PUBLISHING THE 
OFFICIAL NOTICES AND PROCEEDINGS OF THE AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE. 





SCIENCE was established in 1883, and was at once accepted as the organ of American 
men of science. The sum of eighty thousand dollars was spent in its establishment and support 
by Professor A. Graham Bell, and the late Hon. Gardiner G. Hubbard. Large as the sum may 
appear, it is small in comparison with the value of the Journal to science in America. SCIENCE 
is now under the charge of an editorial committee, consisting of the leading men of science in 
America, with Professor J. McKeen Cattell, head of the Department of Philosophy and Psy- 
chology of Columbia University, as the responsible editor. The Journal has adequately and 
fully reflected the progress of science, and has been an important factor in itsadvancement. Its 
contents have maintained a high and even standard, comparing favorably with any journal in 
the country. It has stimulated scientific activity and interest in America and led to a 
fuller recognition of American science abroad. The contributors to SCIENCE represent practically 
every scientific institution in America showing scientific activity. The articles, reviews, corre- 
spondence and notes cover completely the field of science. ScIENCE is published every Friday. 
Each number contains forty double-column pages of reading matter, and over 2000 such pages, 
making two large volumes, are published annually. The subscription price is $5.00 per year 
or $2.50 per volume. Single numbers are sold for 15 cents. 


THE SCIENCE PRESS 


NEW YORK Sub-Station 84 
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lerican Men 


A Biographical Directory 
Edited by J. McKEEN CATTELL 


(From THe Eprror’s Preracr) 
This biographical directory of AMERICAN MEN oF ScrENCE was begun as a manuserspt ref 
eal and office expenses. It is hoped that the publication will be a contribution to the organ 


pin America. There is here given for the first time a fairly complete survey of the sei 
hs eentiy at a given period. As a reference book for the field it covers, it may be 


fe tseful in academic circles than MrveRvA or WHo’s Wuo 1n America. But the chief servig 


tation which would help to give science the place it should have'in the community. It is fully) 
nt for the nation as for men of science that scientific work should be adequately recognized a 


impc 


i render isto make men of science acquainted with one another and with one another's 
re scarcely exists among scientific men the recognition of common interest and the spirit 


rted. We are consequently in the fortunate position of knowing that whatever we do to pi 


— ions interest is at the same time a service to the community and to the world. 


sa 


’ 


‘There are included in the directory the records of more than four thousand men of se 


i [ialieved that the entries are tolerably complete for those in North America who have carried 
work in the natural and exact sciences. A star is prefixed to the subject of research in) 


¢ of about a thousand of the biegraphical notes. These are thethousand students of the x 


vet sciences in United States whose work is supposed to be the most important. 
~~ ‘The blanks were sent in all to about ten thousand who might have contributed to the ady 


Pa dleiabe and from the replies the names included have been selected. As many as four requé 


ee 


to those who it was believed should be included, when they did not reply to previous az 
~ Proofs of all the biographies were submitted for correction—a second and a third copy h 


en sent when necessary—and revised proofs were sent after the corrections had been entered. 
¥ 9 It was intended that each entry should contain information, as follows : 


An The full name with title and mail address, the part of the name ordinarily omitted in i 


a arg 


led to be as complete and accurate as any book of the character. It is well printed by The Ne 1 


spondence being in t 
The department of investigation given in italics. 
The place and date of birth. 
Education and degrees. 
Positions with dates ; the present position being given in Italics. 
Temporary and minor positions. 
rary degrees and other scientific honors. 
bership in scientific and learned societies. 
Chief subjects of research, those accomplished being separated by a dash from 


progress. 





Be 
a This directory should be in the hands of all those who are directly or indirectly inte: 


ific work, and should be accessible in all libraries. It has heen edited with great care and 


Company on all rag paper made expressly for the book by the Dill & Collins Company am 
und in buckram with leather label by the Trow Directory Printing and Bookbinding Compe 


Price: Five Dollars, net, postage paid. 
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fhe Popular Science Monthly | 


Dntered in the Post Office in Lamoaster, Pa., as second-class matter. 





GONTENTS OF OCTOBER NUMBER CONTENTS OF NOVEMBER NUMBER 
The Spoliation of the Falls of Niagara. Dr. J. W. Ded 5 
age amon uctions from the Records of Running in the Last 


me lesof Ni Pelle. Raveon D B. Anson. Olympiad. Prorzssor A. E. KENNELLY. 


Tho Classification of Mathematics. Proressor G. A. ~Monte Alban and Mitla as the Tourist sees them. 
PRorgssoR CHARLES JosEPH CHAMBERLAIN, 


peatemic tunic Aspects of Administration. PROFESSOR The Rotation of Crops, SAMUEL FRASER. 


‘Bomething new in “Freewill.” Professor GzonaE The Public School Teacher in a Democracy. Dr. 
STUART FULLERTON Hexry R, LINVILLE. 


The Specialist B Blight on American Education. Jamzs Celibate Education To-day. E. 8. 





melsw of Social Attraction. Prorzssorn Simon N- The Inadequacy of Speech. Dr. Cxas. W. SUPER, 
ATTEN. 


The of the mons gow BA A Case of fee Unparal- Zoology. PRorzssoR HENRY E. CRAMPTON. | 
leled on 0 Species. ALTER : 
> §SmELDON TowER. Experiments with Langley’s Aerodrome. The Late 


: ¢ Metienal Beit Pac Dr. 8, P, LANGLEY. 

¥ v ©. PsoxEnine. ee The Progress of Science : 

_ The Progress of Science. The Fiftieth Anniversary of the Announcement 
Doctorates conferred by American U niversities ; of the Theory of Natural Selection; The Dublin | 
ee Fhotography , of Aquatie Meeting of the British Association; The Present J 

Pandemic of the Plague ; Scientific Items, 











- 9@> The MONTHEY will be sent to new subsoribers for six months for One Dollar 
° SUBSCRIPTION ORDER 


To THE SCIENCE PRESS, 
Publishers of THE POPULAR SCIENCE MONTHLY, 
Sub-Station 84, New York City. i 
-. Please find enclosed check or money order for three dollars, subscrip- | 
tion to THE POPULAR SCIENCE MONTHLY for one year, begin- | 
ning Deosember, 1908. j 


Please find enclosed from a new subscriber one dollar (sent at your — 
risk), subscription for six monthe to THE POPULAR SCIENCE i 
MONTHLY, beginning December, 1908. 


Name 





Address 











Single Numbers 30 Cents Yearly Subscription, $3.00 
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Visual and Photographic 
OBJECTIVES 
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DR. F. R. MOULTON 
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